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WIDE RANGE FOR FOUNDRY WORK 
All kinds of castings, soft or hard, that have 
defied many sawing methods, can be trimmed 
with speed and ease on a Zephyr '’26''—gives 
you the advantage of high-speed friction sawing. 


LARGE WORK CAPACITY ..SURPLUS POWER 
Throat clearance is 26 inches. Work height 
capacity is 12 inches. Has speeds in steps of 
1000 f.p.m. from 2000 to 10,000 f.p.m. Large 
5-hp. motor furnishes power beyond require- 
ments. Many advanced features of design. 








LOW-COST PRODUCTION WITH LOW-COST 
MACHINE 


With capacity for all foundry work at selected 
speeds and feeds, plus the advantage of DoALL 
ultra-hard, flexible-back saw blades—the right 


one for the job—you can lick any sawing prob- 
lem and cut production costs. The Zephyr ‘’26" 
slashes time as it eats its way rapidly through 
tough jobs—even the hardest alloys. 


Write for Complete Details on the Zepher “26” 
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x JULY WHO’S WHO x 


In this issue Mr. 
Reitinger presents 
a discussion on “50 
Years of Progress 
in Foundry Time 
and Methods 
Study” . .. Born 
in Philadelphia... 
Began his engi- 
neering career with 
Pure Water Ap- 
paratus Co., as 
consulting engineer 

. Later he became associated with 
Emerson Efficiency Engineers, New York 
.. . While affiliated with this firm he was 
assigned to the government as civilian 
engineer for installing distilling plants at 
various fortifications . . . During World 
World I was retained by the government 
for the manufacture of munitions . . . 
Returned to Emerson Engineers follow- 
ing the war ... In 1922 began a long 
association with United States Pipe & 
Foundry Co. . . . Appointed resident 
manager of Burlington Works, Burling- 
ton, N. J. . . . In 1943 became con- 
nected with Bethlehem Steel Co., Bethle- 
hem, Pa. . . . Rejoined the staff of Emer- 
| son Engineers a year later... Is a 
| National Director of A.F.A. and a past 
| chairman of the Philadelphia chapter. 


Harry Reitinger 


Current article 
“Cast Steels—Low 
Temperature Prop- 
erties” is jointly 
written by C. E. 
Sims and F. W. 
Boulger . . . Mr. 
| Sims is a native of 
| Chicago . . . Grad- 
/ uated from the 
' University of IIli- 
nois, Urbana, with 
a Bachelor of Sci- 
ence degree in chemical engineering. . . 
Earned his Master of Science degree at 
the University of Utah, Salt Lake City 
. . . Entering industry, he served in vari- 
ous capacities with the Anaconda Cop- 
per Mining Co. in Montana; Michigan 
Electrochemical Co., Menominee, Mich. ; 
R. W. Hunt Co., Chicago; Research 
Division, Chemical Warfare Service, 
Washington, D. C.; Aluminum Co. of 
America, Niagara Falls, N. Y.; U. S. 
Bureau of Mines Experimental Stations 
in Seattle, Wash., and Pittsburgh, Pa.; 
and American Steel Foundries, East Chi- 
cago, Ind. .. . Early in 1937 assumed 
his present position as supervising metal- 
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Cc. E. Sims 


-Master of Science degree . . 


lurgist, Battelle Memorial Institute, Co- 
lumbus, Ohio . . . Has written widely 
for the technical press on subjects such 
as melting units, heat treatment, refrac- 
tories and inclusions . . .. Has presented 
numerous papers to A.F.A. meetings and 
has served on many Association commit- 
tees, especiaily in connection with the 
improvement of steel castings procedures 
. . » In 1945 was presented the John A. 
Penton Gold Medal of A.F.A....A 
member of A.F.A. he is active in the 
A.F.A. Central Ohio chapter. 


Mr. Lally is metal- 
lurgist with Forest 
City Foundries Co., 
Cleveland ... Born 
in Cleveland, 1917 
.. . Attended Case 
School of Applied 
Science, Cleveland, 
and was graduated 
with a Bachelor of 
Science degree in 
metallurgy June, 
ne seen, Palle 
ing graduation he started his metallurgi- 
cal career with Fanner Mfg. Co., Cleve- 
land . . . In 1940 became associated 
with Taylor & Boggis Foundry Co., 
Cleveland, as metallurgist . . . Four 
years later (1944) assumed his present 
position . . . A member of A.F.A. and 
Gray Iron Research Institute . . . Paper 
written by Mr. Lally is entitled “Cupola 
Refractories—Lining and Patching.” 


Co-author, with 
C. E. Sims, of 
“Cast Steels—Low 
Temperature Prop- 
étties” >... Born 
in Minneapolis, 
Minn., Mr. Boul- 
ger received his 
Bachelor of Science 
degree in metal- 
lurgical engineer- 
ing from the Uni- 
versity of Minne- 
sota, Minneapolis (1934) . . . For one 
year (1934-35) was affiliated with Asso- 
ciated Press, Minneapolis, as _ traffic 
engineer . . . During 1935-36 was drafts- 
man, Minnesota Department of High- 
ways, St. Paul . . . From 1936-37 was 
research fellow, Ohio State University, 
Columbus, Ohio, and was awarded his 
. Joined 
Republic Steel Corp., Cleveland (1937), 
as metallurgical observer . . . The fol- 


F. W. Boulger 


lowing year, 1938, became a_- staff 
member of Battelle Memorial Institute, 
Columbus, Ohio, and is. now assistant 
supervisor in metallurgy . . . Has written 
for the trade press and has prepared 
papers for technical societies . . . 

member of AIME, ASM and A.F.A. 


See in this issue: 
“Fluidity Testing 
of Foundry Alloys” 
«... Author, K. L. 
Clark, was born in 
Phillips County, 
Kansas .. . Attend- 
ed the Michigan 
State College of 
Agriculture and 
Applied Science, 
East Lansing, 
Mich., and was a 
member of the class of °33 .. . After 
receiving his Bachelor of Science degree 
he was made a graduate assistant at 
Michigan State . . . In 1935 he obtained 
his Masters degree and was appointed 
instructor at Michigan State . . . The 
following year (1936) became associated 
with Buick Motor Co., Flint, Mich., as 
metallurgist . . . Appointed assistant pro- 
fessor, Iowa State College of Agriculture 
and Mechanic Arts, Ames, Iowa, in 1939 
. . . Became affiliated with the Naval 
Research Laboratory, Anacostia Station, 
Washington, D. C., as metallurgist in 
1942 . . . Has contributed a number of 
papers to the technical press and has 
presented papers before meetings of vari- 
ous technical societies . . . Subjects dealt 
with include heat treatment of steel, 
carbon control and pyrometric practice 
. . « Membership affiliations include 
AIME, ASM and A.F.A. 


K. L. Clark 


Research metallur- 
gist, American 
Smelting & Refin- 
i Barber, 
| et re 
Quadt, who was 
born in Woodside, 
N. J., is author of 
“Aluminum Alloy” 
...A 1939 gradu- 
ate of Rutgers Uni- 
versity, New Bruns- 
Ween, 2. J... +i 
Has written for both the trade press and 
technical societies; papers have dealt 
with aluminum . . . Holds membership 
in AIME, ASM and A.F.A. 
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A.F.A. STEEL DIVISION 
STANDS READY TO SERVE 
INDUSTRY AND INDIVIDUAL 













WORLD-WIDE WARFARE 
always results in rapid technological advancements. The 
past war, with its problems of new and increased de- 
mands for both old and previously unknown products, 
cut across the existing lines of progress to set up new 
standards for industry as well as temporary new stand- 
ards of living. 

For this reason, it is inevitable that the post-war 
period will be marked by outstanding social and indus- 
trial changes and improvements stemming from the 
proper utilization of wartime technology. Thus, found- 
ries must be prepared to set aside pre-war standards and 
to assimilate quickly new standards of progress. 

To aid this transition, foundries should look toward 
their technical society, the American Foundrymen’s 
Association, to guide them in the proper utilization, of 
technological advances, both present and future. 

The steel foundry industry, through the Steel Division 
of A.F.A., is particularly favored with the opportunity 
to keep abreast of progress and “know-how” on foundry 
practice and metallurgy, for anything contributing to 
the literature and knowledge of the industry is of vital 
interest to the division. 

The essential function of the division is to bring the 
important advances in steel castings technology before 
everyone having a direct interest in this phase of the 
foundry industry. This would include the producers and 
users of steel castings, the suppliers to the industry, the 
technical groups represented by the Government and 
other laboratories whose interests include steel castings, 


C. H. LORIG, supervisor, Battelle Memorial Institute, Columbus, Ohio, began his industrial 
career in the Middlewest. Graduating from the University of Wisconsin, Madison, in 1924, he 
became affiliated with Stowell Co., Milwaukee. Thereafter he served with French Battery Co., 
Ladish Drop Forge and Drexel Institute. Well known as an author and speaker, Mr. Lorig 
writes and speaks on process metallurgy in relation to steel, cast iron and non-ferrous metals. 
Active in A.F.A. committee activities and a member of the Central Ohio chapter. 
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and those members of the staffs and student bodies of 
engineering schools whose interest lies in both the pro- 
duction and the use of cast steel. 

The steel foundry industry can and should use the 
Steel Division of A.F.A. as its clearing house for the 
many new developments made and still to come. 
Progress comes only through cooperation, stimulated 
by a singleness of purpose, and the Steel Division has 
been noted in the past for the integrity and cooperative 
spirit of its members and committeemen. 

The necessity for exchange of information—for tech-_ 
nical papers, group discussions and other means of! 
conveying to the membership results of current tech-. 
nological developments—seems more vital now than 
ever before in our history. A greater volume of infor- 
mation is available today, and the rate at which tech-’ 
nological advancements are being made is increasing.’ 
The Steel Division looks forward, in this post-war era, 
to the important responsibilities in serving the industry) 
and the individual, thereby benefitting our nation and) 
mankind. 


ON: toy 


C. H. Lorig, Chairman, 
A.F.A. Steel Division. | 

































FOUNDRY PRACTICE FOR 
ENGINEERING STUDENTS 








RecenTLy A.F.A. partici- 
pated in the 54th Annual Meeting of 
the American Society for Engineer- 
ing Education (formerly Society for 
Promotion of Engineering Educa- 
tion) when H. F. Scobie, educational 
assistant, American Foundrymen’s 
Association, presented a paper at the 
Manufacturing Processes Session in 
St. Louis, June 23. 

Entitled, “Foundry Practice for 
Engineering Students,” the paper set 
standards for foundry courses and 
foundry instructors in engineering 
colleges. 

Text of the discussion follows: 

Engineering colleges and industry 
| have a producer-consumer relation- 
ship which sometimes seems to have 
been overlooked in the preparation 
or revision of curricula. Now, when 
colleges are revising their curricula 
| and developing a post-war model of 
| engineering education, is the time 
for industrial needs to be considered. 
_ As producers of graduate engineers, 
colleges should have the benefit of 
/recommendations and _ suggestions 
‘from industrial plants regarding 
|course material and objectives. In 
the role of consumer, that is, em- 
3 ployer, of college graduates, indus- 
trial management can and will offer 
constructive criticism to the schools. 

Cooperation between schools and 
industry results in more able engi- 
neering graduates and more satisfied 
employers. Educational institutions 
which consider industrial require- 
ments when revising curricula may 
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expect further assistance from indus- 
try, and will have the satisfaction of 
knowing they are fulfilling their edu- 
cational function to the maximum. 


Cooperation between schools and 
industrial groups is definitely and 
mutually profitable. This was shown 
recently when the foundry in a pro- 
posed college engineering building 
was redesigned and enlarged in ac- 
cordance with A.F.A. suggestions. 


The improved foundry will have 
superior equipment, will enable 
modern foundry practice to be 
taught, will make more efficient use 
of space, and be a great credit to 
the university. According to a de- 
partment head, the foundry portion 
of the building project received 
special consideration because the 
foundrymen were the only repre- 
sentatives of any industry to offer 
assistance in planning the layout and 
equipment. 


Two-Fold Function 

Engineering colleges have a two- 
fold function to perform for the 
foundry industry and for engineering 
students. All engineering students 
should be trained in the basic prin- 
ciples and applications of cast metals. 
In addition, those interested should 
be given the opportunity to train 
for positions in the foundry industry. 

Everything used and produced re- 
quires metal castings, directly or in- 
directly. Manufacturers, spending 
annually more than 3 billion dollars 
for castings of all sizes, shapes and 
of some 600 alloys, cannot afford to 
employ engineers who are unfamiliar 
with the economics of casting use, 
and casting design. Familiarity will 
be gained through a good basic 
course in the fundamentals of mod- 
ern foundry practice, and through 


proper attention to cast metals in 
other engineering courses. Modern 
foundry practice demands close co- 
operation between designers, pattern- 
makers and foundrymen. 

Students desiring to learn more 
about the foundry industry should 
be able to take well planned and 
interesting advanced courses in 
foundry practice, thus enabling them 
to prepare for a career being selected 
by an increasing number of young 
men. The foundry industry needs 
young men with this training. 

The need for improved _ basic 
courses is demonstrated every day in 
correspondence and telephone calls 
received at A.F.A. National Office. 

A recent inquiry from an electrical 
engineer illustrates how uninformed 
on up-to-date foundry products a 
practicing engineer can be, and what 
a meager education he must have 
had in foundry practice. He re- 
quested a source of small electrical 
parts which, he insisted, had to be 
made of metal powder. Discussion 
brought out that the combination of 
properties required could be pro- 
vided economically by a ferritic cast 
iron. The objection to a casting was 
that all castings contain, as he put it, 
“gas bubbles”! 

Of course, all castings are not de- 
fective. If they were, aircraft de- 
signers, who of necessity must use 
low safety factors, would not specify 
castings of all types for aircraft con- 
struction. That foundries can and do 
produce castings of guaranteed qual- 
ity was re-emphasized during the 
recent war. 

Some educators are no more 
familiar with castings and casting 
uses than are many engineers. A not 
unusual example is the instructor of 
a course in internal combustion en- 
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gines who argued with his better- 
informed student that automotive 
piston rings are not made of cast 
iron. Actually only a_ negligible 
quantity of any type of piston ring 
is made of any other material. 

The instructor in question prob- 
ably would be surprised to learn that 
the average automobile ‘requires 
about 500 pounds of cast iron. Auto- 
motive iron castings include the 
block, head, pistons, camshaft, crank- 
shaft and brakedrums. Other auto- 
motive parts are produced from steel 
castings, malleable iron castings and 
the non-ferrous alloys. 


Development of a good basic course 
in foundry practice requires, first of 
all, an appreciation on the part of 
engineering college administrators of 
the place of castings in our everyday 
life. Coupled with this must be the in- 
tent to have foundry practice taught 
as an engineering college subject 
rather than as a manual training 
course. Most department heads and 
many foundry instructors were edu- 
cated at a time when a course in 
foundry practice consisted primarily 
of “pounding sand.” Due to pressure 
of work, few have had sufficient 
time to study foundry developments 
of the past 20 years. As a result, 
engineering students suffer through 


an archaic foundry course not de- ° 


signed for modern needs. 

Illustrations of the significance of 
castings to all of us, and to the 
economic life and development of 
America, are abundant. The recent 
war provides one example: ordnance 
armor programs would have bogged 
down had it not been for the enor- 
mous quantities of cast armor pro- 
vided by skilled foundrymen. Present 
sluggish return of the country to 
peacetime production is due, in part, 
to inability of foundries to provide 
castings as rapidly as other indus- 
tries need them. A basic industry, 
the foundry must return to normal 
before any other industry can reach 
full employment and_ production. 
These facts should be kept in mind 
by department heads expecting to 
stimulate improvement of foundries 
under their administration. 

Colleges recognizing the impor- 
tance of castings set high standards 
for foundry instructors. Such col- 
leges use the same care in selecting 
a foundry instructor that is used in 
selecting any other faculty member. 
Sufficient time and thought are de- 
voted to the problem of the selec- 
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tion that the foundry instructor is 
not employed at the last minute. 
Late selection too often results in 
employing a man willing to take the 
position only because he can find no 
other. Such an instructor is not a 
credit to the school, nor can he satis- 
factorily serve the student body or 
the foundry industry. 

An engineering college foundry in- 
structor should have a good educa- 
tional and industrial background, as 
well as proven interest in castings 
and the foundry industry. To teach 
modern foundry practice, he should 
be a graduate in metallurgy, or in 
chemical or mechanical engineering, 
with electives in metallurgy. He 
should have had experience in sev- 
eral types of foundries, not only in 
a gray iron shop. Experience in steel 
and malleable foundries and in shops 
casting light-metal alloys, and others, 
is highly desirable. 

The college foundry instructor 
should be interested in improving 
himself and his courses; if he does 
not hold an advanced degree, he 
should be required to work toward it. 

The ultimate in foundry instruc- 
tors is a professionally capable man 
who stimulates his students and has 
their respect, a man able to select 
and influence promising students. 


More Men Available 

An increasing number of young 
men with the qualifications for, and 
the interest in, teaching modern 
foundry practice are becoming avail- 
able. Some of these men have been 
employed by engineering colleges. 
Instructors with other qualifications 
but lacking commercial foundry ex- 
perience can be aided by summer 
employment in foundries. This helps 
the foundry instructor balance his 
budget and gives him the industrial 
contact that most university staff 
members need. 

Even the most enthusiastic foundry 
instructor welcomes a change, and 
so do the students. The Wisconsin 
chapter of the American Foundry- 
men’s Association has worked out a 
plan with the University of Wiscon- 
sin whereby 15 one-hour lectures on 
foundry practice are delivered by 
foundrymen who are specialists in 
their field. The students receive first- 
hand information about the com- 
mercial production of castings, and 
have an opportunity to see the type 
of men engaged in the technical 
fields of the foundry industry. A 
similar program is in prospect at 





Marquette University, Milwaukee. 

The Wisconsin plan has proven | 
profitable to the university. It has | 
also demonstrated to engineering | 
students that the foundry industry © 
offers a place in which to apply 
engineering techniques, and in which 
the opportunity to advance is great. 
The latter is due to a shortage of 
technically trained men in the in- 
dustry, at a time when the number 
of complex technical problems is in- 
ordinately large. 

Once the engineering college ad- 
ministration and the foundry instruc- 
tor have agreed that a modern 
course in foundry practice is to be 
offered, the question arises: what is 
a modern foundry course? 

Modern foundry courses have been 
taught by some schools for a number — 
of years. Schools teaching foundry 
practice according to current needs 
of the industry are recognized and 
encouraged by the foundry industry. 

Schools with up-to-date foundry 
curricula were commended by N. F. 
Hindle* of the A.F.A. National 
Office, in a paper presented at the 
50th Anniversary Meeting of S. P. 
E. E. held in Chicago in 1943. He 
indicated the necessity of teaching 
foundry practice as an engineering 
course, not as a manual training | 
course. Stating that “the courses | 
should cover processes and products,” 
he added that they “should deal | 
with the metals cast and their appli- | 
cation, .the properties available and | 
some metallurgy.” { 

Mr. Hindle’s paper presented the | 
current point of view regarding a | 
general course in foundry practice. | 
Emphasis is on castings design, co- | 
operation between designer, pattern- | 
maker and foundryman, casting | 
properties, and the economics of | 
casting use. This is reasonable since 
all engineers use castings, whereas, | 
only a small, though increasing, | 
number are concerned directly with | 
castings production. 

Molding, coremaking, melting and | 
other foundry techniques are neces- | 
sary in a general foundry course only | 
to the extent that they enable the | 
embryo engineer to better under- | 
stand the use and design of castings. | 

The older system of laboratory | 
periods only, without formal lectures, | 
has been discarded by some engi- | 
neering colleges. Foundry instructors | 
in progressive engineering colleges | 














































ON, FF: Hindle, “Casting Design and Engi 
neering Curricula,”’ J. Eng. Educ., vol. 34, no 7 
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devote about half the available class 
hours to lecturing. Emphasis is not 
placed on handing down a collection 
of traditional knowledge, but rather 
on the ideas behind the tradition. In- 
stead of ‘know-how,’ interest centers 
on ‘know-why.’ 

Typical of the modern trend in 
foundry instruction is the series of 
courses reported by Holtby and 
Scobie** in “A University Course in 
Foundry Control Methods.” De- 
scribed are an elementary foundry 
| course required of mechanical engi- 
neering and metallurgical students, 
and a series of elective courses for 
advanced students. Primary purpose 
of the elementary course, taught to 
approximately 225 students each 
year (1941), is to acquaint engineer- 
ing students with modern foundry 

practice, the possibilities and limita- 
tions of castings for engineering use, 
and important factors in design. 
| This elementary course, offered at 
the University of Minnesota, stressed 
four points: 
_ 1. The development of the foundry 
| industry during the past two decades, 
_and the improvement in its products. 
2. The importance of control in 
foundry processes. 
| 3. The practical knowledge ap- 
| plicable in other fields. 
| 4. The increasing opportunities 
'for employment as an engineer. 
| The discussison of the paper, which 
jappears in the 1941 TRANSACTIONS 
of A.F.A., is encouraging because 
lit illustrates a favorable trend in 
foundry education among some 
| schools. 
Instruction in foundry practice 
should be coordinated with the pat- 
‘tern shop, courses in other manu- 
facturing processes, and with ma- 
chine design, materials testing, ma- 
terials and processes. 
| Patternmaking should be very 
closely integrated with the course in 
foundry practice. If the courses are 
‘not taught by the same instructor, 
or are not under the jurisdiction of 
one man, there should be agreement 
on their content to eliminate un- 
necessary overlapping. Important, 
also, is agreement on foundry and 
pattern terminology, pattern colors, 
allowances for draft, shrinkage and 
machining, etc. 

An engineering college course in 
pattern practice should not stress the 
use of woodworking tools or attempt 


**F. Holtby and H. F. Scobi 
‘Course in Fi Control Me 
VA.F.A., vol, 49, p. 310 (1941). 
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to make a patternmaker of the stu- 
dent. Elementary woodworking, that 
should have been learned in high 
school or at a home work bench, has 
little place in a crowded engineering 
curriculum. The college pattern 
course ought to include pattern con- 
struction for maximum moldability 
and economy of production, types 
of pattern equipment, pattern con- 
struction materials, and perhaps per- 
manent mold construction. 


Courses in which mechanical and 
physical properties of cast metals are 
discussed should be in agreement on 
these properties. If heat treatment 
of castings is taught in courses other 
than the one in foundry practice, the 
purposes, principles and results of 
heat treatment should be the same 
in all courses. If machinability of 
cast metals is considered in the 
foundry course, machinability ratings 
and methods of testing should be 
consistent with those taught in the 
machine shop. 

Design Principles 

Principles of casting design must 
be the same in the foundry and 
machine design courses. Metallurgy 
of cast metals taught by the foundry 
instructor should agree with the 
teachings of the instructor in metal- 
lurgy. The industrial engineering 
department and the foundry depart- 


ment should have the same thoughts 


on economics of casting use, plant 
layout, and mechanical equipment. 
The high temperature chemistry of 
metals, refractories, fuels and fluxes 
should be taught in essentially the 
same way whether the lecturer is a 
foundry instructor or a teacher of 
chemistry. 

Schools interested in developing or 
improving courses in foundry prac- 
tice are offered the assistance of the 
American Foundrymen’s Association. 
Seven national committees estab- 
lished for that purpose are composed 
of prominent foundrymen as well as 
educators in the field of metallurgy, 
engineering and foundry practice. 

These committees have actively 
cooperated with engineering schools, 
making recommendations regarding 
course content, text books, labora- 
tory layout and equipment, correla- 
tion with other courses, research 
projects; and have annually spon- 
sored an essay contest, discontinued 
during the war, for engineering col- 
lege students. 

Several engineering colleges have 


recently revised and expanded their 
curricula as a result of contact with 
foundry industry representatives. 

Case School of Applied Science, in 
cooperation with the Northeastern 
Ohio chapter of A:F.A., has worked 
out a course expected to provide 
effective training for students who 
plan to enter the foundry business. 

Massachusetts Institute of Tech- 
nology has just announced the or- 
ganization of a Metal Processing 
Laboratory under the direction of a 
full professor. The latter will have 
the assistance of a joint committee 
from the Metallurgy and Mechanical 
Engineering Departments. 

Heading the foundry laboratory 
will be an associate professor. The 
program is expected to be flexible 
enough to suit the needs of any part 
of the foundry industry. Students 
may specialize in the mechanical, the 
metallurgical, or the managerial 
aspects of foundry work. Degrees 
offered will be B.S., M.S., and D.Sc. 

These examples, and others which 
could be cited, illustrate the trend 
in foundry education. Schools antici- 
pating foundry industry needs and 
sympathetic with its requests often 
find that scholarships are established, 
summer employment is provided for 
foundry instructors and foundry stu- 
dents, teaching aids and casting 
exhibits are supplied, books are 
donated to engineering libraries, and 
equipment given for teaching and 
research. 

Recognizing the importance of an 
industry producing over 20 million 
tons of castings annually, some engi- 
neering colleges are overhauling their 
foundry courses to meet present day 
requirements. Responding to indus- 
trial needs, department heads are 
reviewing foundry courses under 
their administration and studying 
ways of cooperating with casting 
producers. Foundry instructors are 
aiding by reorganizing course mate- 
rial to meet the need for engineering 
graduates with knowledge of casting 
properties, applications and design. 

Educational committees and the 33 
chapters of the American Foundry- 
men’s Association will continue to 
encourage and advise engineering 
colleges in the development of im- 
proved foundry instruction. 

College graduates, adequately 
trained and cognizant of opportu- 
nity, are entering the industry be- 
cause they recognize that the foundry 
is a good place in which to work. 
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THIS INVESTIGATION was con- 
ducted on a group of aluminum sand 
casting alloys with a nominal com- 
position of 1.0-1.5 per cent copper, 
4.5-5.5 per cent silicon, and 0.4-0.6 
per cent magnesium. It is described 
as A.F.A. Alloy B-41*. Specifications 
by other agencies include QQ-A-601, 
class 10; SAE 322; ASTM B26- 
44T (Alloy SC 21) ; AN-QQ-A-376 
Am.2; and AMS 4210. 

For convenience, this alloy will 
be referred to in this paper as F150.5 
in accordance with a system of 
nomenclature in which aluminum 
castings are defined according to 
their copper, silicon, and magnesi- 
um content to the nearest integer in 
the indicated sequence. 


Magnesium 

Because of the effectiveness of 
small amounts of magnesium in 
these alloys, this element is indicated 
in tenths of a per cent. The actual 
alloys used are representative com- 
mercial composition within the 
F150.5 specifications. The mechani- 
cal properties specified for this alloy 
are listed in Table 1. 

As will be subsequently proven, 
the solution treated alloy is unstable 
and begins to age at room temper- 
ature immediately after quenching. 
After a few weeks the properties of 
the quenched alloy approach those 
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of the alloy aged 3-5 hr. at 310°F. 
(Table 1). 

This hardening process is accom- 
panied by dimensional changes and, 
for this reason, the as-quenched al- 
loy is seldom used commercially and 
an artificial aging treatment similar 
to that of the 3-5 hr. at 310°F. 
(Table 1) is utilized to obtain prop- 
erties which are essentially stable 
upon subsequent room-temperature 
aging. This is the most commonly 
used heat treated temper for this 
alloy. 

Heat treatments similar to the 
solution treated, quenched, and aged 
12 hr. at 310° F. (Table 1) are oc- 
casionally used when high strength 
properties are required for specific 
applications. No specifications exist 
for the alloy in the as-cast condition 
although excellent properties are 
obtained. The as-cast alloy may be 
stabilized and stress relieved by heat- 
ing to a temperature of 450°F. for 
5 hr. and air cooling. 

Various similar stress relief treat- 
ments are used commercially, but 
the work described in this paper was 
limited to this one treatment when 
stabilized properties were studied. 

F150.5 is a comparatively new alu- 


minum alloy which has been used 
in large tonnages in the past few 
years, particularly in air craft cast- 
ings. This widespread acceptance 
of the alloy in aluminum foundries 
stems from its desirable combina- 
tion of chemical and physical prop- 
erties. — 

It has excellent foundry charac- 
teristics in that it is extremely fluid 
at low casting temperatures, pro- 
duces pressure tight castings, casts 
readily into thin sections, has low 
solidification shrinkage, as compared 
to other aluminum casting alloys, 
and is essentially free from hot 
shortness. 


Corrosion Resistant 

It machines well, especially after 
heat treatment, and has high re- 
sistance to corrosion in saline atmos- | 
pheres. It is an excellent general | 
purpose alloy in that a foundry may | 
use it for all types of castings since | 
a wide range of mechanical proper- | 
ties can be obtained by using the | 
alloy in the as-cast condition or in | 
various heat treated tempers. 

Melting and Casting Procedure. 
All melts were made in No. 45 clay- 
graphite crucibles in a coke-fired, 





and other aluminum casting alloys. 





Table 1 
ALUMINUM ALLOY MECHANICAL PROPERTIES 








Properties 
Ave. wine 
Tensile Elongation 
Strength (min.), oa "ahiet), (min. :), per 

Heat Treatment psi. cent in 
Solution Treated and Quenched.................... 27,000 20, 000 4.0 
Solution Treated, Quenched, and Aged 3-5 

te gt OE SEE ee 32,000 25,000 2.0 
Solution Treated, Quenched, and Aged 12 

Rs BEIT, Becipecdtentitictstecsctremctninige 36,000 33,000 0.5 


*Yield strengths almost invariably are listed as “average” or “typical”? in specifications of this 
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forced draft, pit furnace. About 30- 
45 min. was required to melt 50 lb. 
of metal. Ingots or pieces of test 
bar castings were continually added 
to the melt through the top cover 
of the furnace during melt down. 
This guaranteed that no moisture 
was present on the metal by the time 
it was submerged in the previously 
melted alloy. 


Surface hydrates were assumed to 
be negligible due to short intervals 
of storage and to favorable storage 
environment. When all of the metal 
! was in the crucible and the hardener 
or alloying element, if any, com- 
pletely dissolved, the metal was 
) stirred with a one in. diameter 
graphite rod. The crucible was then 
removed from the furnace. Typical 
/metal temperatures at this time 
| ranged from 1400 to 1600°F. A 
few ounces of sodium silico fluoride 
was gently worked into the top 

dross to assist in its removal. 


Metal Cooled 

| The metal was then permitted to 
_cool quietly to the desired pouring 
_temperature, nominally 1220° F. un- 
| less otherwise specified. No degas- 
/ sing operation was performed and 
‘no grain refiners were added to any 
of the heats reported. Temperatures 
.were determined with a protected 
chromel-alumel thermocouple in 
conjunction with a portable Leeds 
, and Northrup potentiometer. 

The metal was cast into green 
sand molds to produce standard ¥- 
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Fig. 1—Types of castings utilized to obtain cast to size tensile specimens. 
About 1/7 actual size. 


in. diameter cast-to-size tensile speci- 
mens. ‘Two types of castings were 
used and are shown in Fig. 1. No 
difference in mechanical properties 
could be detected in the specimens 
from either type of casting. About 
75 per cent of the bars cast were 
obtained from the 4-bar casting 
since twice as many bars per lb. of 
aluminum are produced and fewer 
instances of inclusions experienced. 


Specimens Poured 

Cast-to-size impact specimens 
were also poured from most of the 
heats. The casting is shown in Fig. 
2 and produces twenty-six 10x10 
mm. Charpy specimens. Half of the 
specimens are unnotched and the 
rest have a standard V-notch cast 
into the drag. The specimens were 
tested unmachined on a modified 
Charpy impact machine’ of 16 ft.-lb. 
capacity. The production of impact 
specimens by this method has been 
discussed elsewhere’. 

Heat Treatment Practice. Solu- 
tion heat treatments were conducted 
in an electrically heated, circulating 
air furnace. Bars were nominally 
soaked 12 to 15 hr. at 980°F. 
+ 5°F. and quenched in boiling 
water. 


To standardize the procedure, 


Fig. 2—Casting for producing cast 

to size 10x10—mm. Charpy im- 

pact specimens. Top—Cope view. 
Bottom—Drag view. 


bars were aged for one day at room 
temperature before being tested for 
solution heat treated properties or 
before being artificially aged at ele- 
vated temperatures. The stress relief 
treatment given as-cast specimens 
consisted of heating for 5 hr. at 
450° F. and air cooling. 

All low temperature treatments 
were carried out in electrically 
heated, constant temperature fused 
salt baths. The temperature was 
automatically controlled to within 
+ 2° on each of three baths set for 
310° F., 400° F., and 450° F. 

Properties listed for the as-cast 
temper were obtained from one to 
4 days after casting unless otherwise 
noted. 

Alloying Procedure. Since mag- 
nesium, nickel, and zinc readily dis- 
solve in aluminum they were added 
as pure metals. Iron and manganese 
were added as hardeners, which 
were made by melting a few Ib. of 
the alloy under investigation and 
adding the desired quantity of these 
elements. By this procedure dilu- 
tion of the initial composition was 
minimized. 

Chemical determinations were 
made on the final test bars, not on 
the intermediate hardener. When- 
ever an alloy was remelted, 0.03 
per cent magnesium was added to 
make up for the amount lost in the 
process. Occasional chemical deter- 
minations were made to check the 
magnesium content of the final alloy 
since this element has a critical ef- 
fect on the properties obtained. 

Effect of Pouring Temperature 
and Overheating. An alloy of the 











composition shown in Table 2 was 
used to determine the effect of cast- 
ing temperature on some properties 
in the as-cast or “green” temper. 

The alloy was melted and heated 
to a temperature of about 1700°F. 
After removal from the furnace and 
skimming, a series of castings was 
poured at various temperatures. The 
melt was permitted to cool quietly 
in the crucible between pours. 


That the pouring temperature is 
of considerable significance on the 
properties of a casting is clearly 
shown in Fig. 3. It is also indicated 
that overheating the alloy does not 
affect the final properties if the 
metal is permitted to cool to the 
proper casting temperature. 

This absence of any effect on the 
final properties due to previously 
overheating the metal has been 
checked on most other common alu- 
minum casting alloys with the same 
result. 

Some data to this effect have been 
reported elsewhere*. This does not 
concur with the widely promulgated 
assertion that overheating (in excess 
of 1500°F.) aluminum casting al- 
loys favors coarsening of the final 
grain with a resultant deleterious 
effect on properties*’*®. This result 
has never been experienced by the 
author. 


Grain Size 


In the absence of an active grain 
refiner, many tests on various alu- 
minum alloys have indicated that 
grain size and mechanical properties 
of test bars are largely determined 
by the final casting temperature and 
are little if at all related to the ther- 
mal history of the melt. This may 
not be true of high-purity alloys 
since all tests were conducted on 
commercial alloys with analyses in 
the commercial range. 


For such commercial alloys the 





Table 2 
ALLOY COMPOSITION 

Component Per Cent 
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grain size of tensile bars can be con- 
trolled by pouring temperature alone 
and superheating is not a factor. 
Should titanium be present and still 
retain grain refining properties, over- 
heating, or even holding at moderate 
temperatures, should be avoided 
since these procedures reduce the ef- 
fect of the titanium and a coarser 
grained casting will result. 

However, it is important to note 
that this grain coarsening is due to 
the effect of temperature upon the 
titanium constituent and not upon 
the aluminum. 


Hydrogen Free 

It is of utmost importance to 
recognize, however, that these ex- 
periments were conducted in furnace 
atmospheres which were essentially 
free of hydrogen compounds, hence 
typically sound castings resulted. 

In a furnace atmosphere contain- 
ing combustion products from gas, 
oil, or coal, overheating should be 
kept to a minimum since the solu- 
bility of the hydrogen obtained from 
the compounds present increases 
with the temperature of molten alu- 
minum, and excessive porosity may 
result which will cause inferior prop- 
erties. These experiments do prove 
that overheating, other factors being 
equal, is not deleterious. 


Another test which indicates the 
desirability for low pouring temper- 
atures was performed on the alloy 
composition shown in Table 3. 

It was melted in the described 
manner, cast at 1220°F. and the 
specimens heat treated and tested. 
Upon completion of these tests the 
alloy was remelted and recast at 
1300° F. Similar mechanical tests 
were conducted on the alloy. The 
results of these tests are plotted in 
Fig. 4. Ultimate strength has been 
markedly reduced, ductility has 
been slightly impaired, while yield 
strength is unaffected. Thus a pour- 
ing temperature of about 100°F. 
above the optimum detracts from the 
quality of the casting. 


At least a part of the reason for 
the inferior properties accruing from 
a high pouring temperature is the 
resulting increased grain size. Fig. 
5 portrays the difference in crystal 
structure between tensile specimens 


cast at 1220°F. and at 1300°F. 


It will be noted that Fig. 5 in- 
dicates a greater difference in grain 
size between the two pouring tem- 
peratures than would be predicted 
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Fig. 3—Effect of pouring tempera- 
ture on as-cast properties. Speci- 
mens poured from the same crucible. 


from the curve given in Fig. 3. The 
latter data were obtained from two- 
bar castings while the former re- 
sulted from the four-bar type. The 
metal for the rear risers of the four- 
bar casting passes through the ten- 
sile section and heats the sand. 


Retards Freezing Rate 
This retards the freezing rate of 
the bars appreciably, and at elevated 
temperatures a coarser grain results. 
Utilization of this type of casting 
displaces the grain size curve shown 














Table 3 
ALLoy COMPOSITION 

Component Per Cent 
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Fig. 4—Effect of pouring temperature on some mechanical properties. 


in Fig. 3 to the right. Occasionally 


tensile bars from this casting will 


show a grain size gradient ranging 
from coarse at the sprue end to rela- 
tively fine at the rear risers. 

In the two-bar casting, on the 
contrary, two streams of metal meet 
in the center of the reduced section 
and the freezing rate must be maxi- 
mum at this point. A grain size 
gradient has never been observed in 
bars from this type of casting. 

Effect of Magnesium. F150.5 al- 
loy responds to heat treatment 
largely because of the magnesium 
and silicon in the composition. Of 
these two elements the magnesium 
content is most critical in determin- 
ing the alloy’s mechanical proper- 
ties, whether heat treated or not. In 
a test to prove this fact, some prop- 
erties of the alloy shown in Table 
4 were determined. 


Alloy Remelted 

It was then remelted and the mag- 
nesium removed. The properties 
were redetermined on the resulting 
alloy, which then contained 0.002 
per cent magnesium, and are com- 
pared in Fig. 6. It is seen that the 
initial alloy reacts to heat treatment 


while the same alloy without mag- 


nesium shows essentially no response 
to heat treatment. 

Both sets of properties shown in 
Fig. 6 are lower than would nor- 


mally be expected because the data 
24 


were obtained for another purpose 
from test bars cast at 1350°F., an 
excessively high temperature for 
pouring test bars from this alloy. 
The data reflect the effect of the 
magnesium content, notwithstand- 


ing. 


Aging Treatments 

On another alloy of the composi- 
tion shown in Table 5 the effect of 
magnesium was further investigated. 
After mechanical properties were ob- 
tained on this alloy it was remelted 
and magnesium added, which raised 
this element to 0.56 per cent. The 
effect of various aging treatments on 
solution treated specimens of the 
two alloys is plotted in Fig. 7. 

Marked instability of the as- 
quenched alloy on standing at room 
temperature is indicated. A large 
amount of aging occurs the first day, 
followed by further aging at a re- 
duced rate. The hardening process 
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is largely completed in a few weeks. 
It is clear that the magnesium con- 
tent is critical in this alloy. 


Addition Made 

Since the element is slowly lost 
on remelting and fluxing, an addi- 
tion must be made to maintain cor- 
rect composition. In general, in- 
creasing magnesium contents in this 
alloy produce higher tensile and yield 
strengths combined with reduced 
ductility for any particular temper. 

Effect of Nickel. Chemical speci- 
fications variously require that nickel 
be limited to 0.05 or to 0.10 per 
cent in this alloy. Figs. 8, 9 and 10 
show the effect of increasing nickel 
on the F150.5 alloy shown in 
Table 6. These data indicate that 
nickel as high as 0.3 per cent has 
essentially no effect on the alloy. 
More than this amount generally 
impairs most properties. 

A summary of the effects of high 
nickel is as follows: The strength 
is reduced, tensile and yield strengths 
approach each other, and serious re- 
ductions in elongation and impact 
strength occur. As a_ concession 
to clarity the impact strengths in 
these and in some subsequent plots 
are averaged for the tempers being 
considered. 

The nickel can be detected in the 
microstructure even when only 0.1 
per cent is present. It is apparently 


almost insoluble in the solid alloy. 





Fig. 5—Axial tensile bar sections, 2/3 size. Etchant, 1 per cent HF. Top- 
Grain structure of casting poured at 1220°F. Bottom—Grain structure o/ 
casting poured at 1300° F, 
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Table 5 
ALLoy CoMPposITION 

Component Per Cent 
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It is found only in the eutectic struc- 
ture, probably as the compound 
NiAl, (Fig. 11). Heat treatment has 
no effect upon its structure or ap- 
pearance. 

Effect of Zinc. Zinc in F150.5 alloy 
is limited to maximums ranging from 
0.03 to 0.30 per cent, depending 
upon the chemical specification con- 
sulted. The curves in Figs. 12, 13, 
and 14 indicate the effect of increas- 
ing zinc on some properties of the 
initial alloy shown in Table 7. 

It is obvious that no deleterious 
effect accrues from zinc additions 
until more than one per cent is pres- 
ent in the alloy. The microstructure 
reveals no change in the form or oc- 
currence of the usual constituents as 
the zinc content is increased to 2.5 
per cent. This is not surprising since 
relatively large amounts of zinc are 


MAGNESIUM, PER CENT 
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Fig, 6—Effect of magnesium on me- 
chanical properties and heat treat- 
ability. 
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Fig. 7—Effect of magnesium on some heat treated mechanical properties. 


soluble in the solid alloy at room 
temperature even under conditions 
of thermal equilibrium. 


Effect on Manganese. This ele- 
ment is limited in amounts varying 
from 0.03 to 0.6 per cent in this alloy 
by the existing chemical specifica- 
tions. Figures 15, 16, 17 and 18 
summarize the resulting properties 
obtained upon adding manganese to 
the alloy of the composition shown 
in Table 8. 


Up to one per cent of manganese 
generally improves the mechanical 
properties of F150.5 alloy in the tem- 
pers most commonly used. It does, 
however, accelerate the rate of over- 
aging upon subjecting the solution 
treated alloy to temperatures of 400° 
F. or over, although this tendency 
is not pronounced with less than one 
per cent of manganese. 


Microstructure Changed 

Two changes were noted in the 
microstructure as a result of the 
manganese additions. The structure 
of the initial alloy included needles 
of beta (Fe-Si) , utilizing the nomen- 
clature of Phillips and Varley’. 

Addition of 0.3 per cent of man- 
ganese eliminated these needles or 
plates, and the secondary alpha 
(Fe-Si) phase was apparent in its 
usual “Chinese script” habit. The 
structural change and its effect will 
be more completely discussed later. 
The alloy containing 1.65 per cent 
of manganese revealed masses of 
alpha (Mn-Si) instead of the pre- 
vious script, and is shown in Fig. 19. 

Effect of Iron. It is generally re- 
quired that iron be under 0.5 or 0.6 


per cent in sand castings of F150.5 
alloy. The effect of iron was investi- 
gated by adding it in various incre- 
ments to the initial alloy shown in 
Table 9. 

Results of these tests are plotted 
in Figs. 20, 21, 22 and 23. Gener- 
ally, iron under one per cent has no 
effect on the properties measured. 
As iron is increased over this amount 
it has only slight influence on prop- 
erties except upon aging at the rela- 
tively high temperature of 450° F. 
It decidely influences the rate of 
overaging at this temperature, in- 
creasing it to a marked degree. 


Effect of Iron 

However, iron as high as 2.4 per 
cent has only an insignificant effect 
on the properties measured in all 
the other tempers. Curiously enough, 
this high iron appears to retard the 
rate of aging to a slight degree upon | 
precipitation hardening at 310°F. - 

At the same time, it has no effect 
whatever when solution, treated and | 
aged at 400° F. and, in fact, appears 
to slightly improve the strength of 
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Component Per Cent 
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Fig. 10—Effect of nickel upon solution treating 
and aging at 400° F. and 450° F. 
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Fig. 9—Effect of nickel upon solution treating and 
aging at 310° F. 














Fig, 11—As-cast structure of an F150.5 
alloy with 1.8 per cent nickel. NiAls 
(black), eutectic (mottled), silicon 
(bright), dendritic alpha (speckled). 
Etchant, 1 per cent HF. 300X. 
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Fig. 15—Effect of manganese on as-cast and solu- 
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Fig, 14—Effect of zinc upon solution treating and 
aging at 400° F. and 450° F. 
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Fig. 17—Effect of manganese upon solution treat- 
ing and aging at 400° F. 









Fig. 16—Effect of manganese upon solution treat- 









































Fig. 18—Effect of manganese upon solution treat- 
ing and aging at 450° F. 
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. Fig. 19—As-quenched alloy with 1.65 per 
cent manganese. Alpha Mn-Si (in relie]), 
silicon (half tone). Etchant, 1 per cent 

HF, 300X. 
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Fig. 20—Effect of iron on as-cast and solution heat 
treated properties. 
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Fig. 22—Effect of iron upon solution treating and 
aging at 400° F. 
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Fig. 21—Effect of iron on the properties of test 
bars solution treated and aged at 310° F. 
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Fig. 23—Effect of iron upon solution treating and 
aging at 450° F. 
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Table 7 
ALLoy COMPOSITION 

Component Per Cent 
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Table 8 
ALLoy CoMPOSITION 

Component Per Cent 
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ALLoy COMPOSITION 

Component Per Cent 
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the alloy, although the significance 
of the slight changes in slope of these 
curves is dubious. 

According to the plot in Fig. 20, 
iron of over one per cent appears 
to impair the strength properties of 
F150.5 alloy in the as-cast condition. 
However, the data used in this plot 
were obtained from one to 3 days 
after casting. Spare tensile bars of 
the alloy containing 2.4 per cent iron 


were pulled after aging 18 days at - 


a room temperature of 75-80° F. 


Mechanical Properties 

Tensile strength averaged 26,100 
psi., yield strength 17,700 psi., elon- 
gation 11% per cent, and the Brinell 
hardness was 72. Since these prop- 
erties compared favorably with those 
obtained on the initial alloy, it 
seemed advisable to check the room 
temperature aging characteristics of 
the intervening alloys to note any 
change in hardness which would in- 
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dicate a substantial change in tensile 
properties. 

Sections of test bars which had 
been retained for metallographic 
study were utilized for hardness 
measurements. The Brinell hard- 
nesses (500-kg. load, 10-mm. ball, 
30 sec.) shown in Table 10 were ob- 
tained. 

It would appear that no subse- 
quent hardening occurred in the al- 
loy containing one per cent of iron 
or less. The higher iron alloys defi- 
nitely hardened during the period 
of observation. 

Final mechanical properties of 
these alloys in the as-cast temper 
are very close to those containing 
low iron, and indicate that it has no 
effect upon the alloy in this temper 
except to inhibit the precipitation of 
a hardening constituent under the 
casting and cooling conditions em- 
ployed. 

The only change in microstructure 
occurred in the high iron alloy. 
Figure 24 shows plates of primary 
alpha (FeSi) found in the alloy with 
2.4 per cent of iron. 


Effect of Manganese 


Absence of a deleterious effect of 
iron on this alloy is believed to be 
due at least in part to the presence 
of manganese. This fact has been 
noted previously in the literature’’*® 
although no systematic study to sub- 
stantiate this claim has been forth- 
coming. Therefore, it was decided 
to attempt to prove this fact by 
determining the relative effects of 
manganese and iron in various com- 
binations with each other. 

Relative Effects of Iron and Man- 
ganese. The possibility that manga- 
nese may play an important role in 
the development of superior me- 
chanical properties in F150.5 alloy 
led to the following investigation. A 
quantity of ingots of the analysis 
shown in Table 11 was procured. 

Several ingots were melted and 
the mechanical properties in various 
tempers obtained. This metal was 
then remelted and manganese added 
to raise this element to 0.50 per 
cent, and properties redetermined. 
The metal was melted a third time 
and iron was added to increase it 
to 0.93 per cent, and again physical 
properties were determined. 

These three melts, then, were used 
to obtain the properties of an F150.5 
alloy containing low iron (0.34 per 
cent) and low manganese (0.01 per 





Fig. 24—As-quenched alloy with 2.4 


per cent iron. Primary alpha Fe-Si 
(plates), silicon (half tone). Etch- 
ant, 1 per cent HF. 300X. 


cent) ; low iron (0.34 per cent) and 
high manganese (0.50 per cent) ; and 
high iron (0.93 per cent) and high 
manganese (0.50 per cent) in that 
order. 


Another set of ingots from the ini- 
tial charge was melted and iron 
added first to raise it to 0.83 per 
cent. After the usual physical tests, 
the metal was remelted and manga- 
nese added, which raised this ele- 
ment to 0.65 per cent. 


Second Melt 
The second pair of melts indicated 
the properties to be obtained on the 
same F150.5 alloy when it contained 
high iron (0.83 per cent) with low 
manganese (0.01 per cent) and 
again high iron (0.83 per cent) 





Table 10 
ALUMINUM ALLoy HARDNESSES 
Iron Aged at Brinell 
Content. Room Temp., Hardness 
per cent days No. 
0.48 1-4 74-74 
70 74 
0.80 1-4 72-74 
60 74 
1.01 1-4 74-74 
40 74 
Ese 1-4 65-65 
30 74 
2.40 1-4 61-61 
18 72-74-72 
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The results of all five heats are 
plotted in Figs. 25, 26 and 27. It is i i - 
readily apparent that the only alloy 3HR, AT 400F|6HR AT 400°F|3HR.AT 450 FGHR.AT 450 F.|9HR.AT 450F 
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ment in even the low iron alloy. 

Further, these data indicate that 
0.5 per cent or 0.6 per cent iron 
may well be the maximum permis- ig. 27—Effect of various manganese-iron combinations upon solution treat- 
sible if low manganese is also re- ing and aging at 400° F. and 450° F. 
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Fig. 28—Effect of iron on microstructure (as-quenched). Etchant, 1 per 


cent HF. 300X. Left—Initial alloy with 0.34 per cent iron: 
Right—Same alloy with 0.83 per cent 


silicon in alpha aluminum matrix. 


Spheroidized 


iron. Beta Fe-Si (needles) associated with spheroidized silicon. 


quired. In this regard the present 
specifications appear justified, since 
with more than 0.5 per cent iron 
the beta (Fe-Si) phase field is en- 
tered with its attendant deleterious 
effect on mechanical properties. 








Table 11 
ALLoy CoMPoOsITION 
Component Per Cent 
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Table 12 
ALLoy CoMPOSITIONS 
Initial Adjusted 
Alloy, Alloy, 
Component per cent per cent 
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A distinct change in microstruc- 
ture accompanies the observed vari- 
ation in properties. Figure 28 shows 
both the initial microstructure and 
the needlelike phase which occurred 
in the F150.5 alloy containing 0.83 
per cent iron and 0.01 per cent 
manganese. No such structure could 
be located in the initial alloy, al- 
though an Al-Fe-Si compound must 
exist’®. It is apparently too finely 
dispersed to be readily detected 
microscopically. 

When 0.65 per cent manganese 
is added to the high iron alloy, the 
needlelike beta (Fe-Si) phase is sup- 
pressed and the common scriptlike 
habit of secondary alpha (Fe-Si) is 
substituted (Fig. 29). This same 
constituent is found in the low iron 
alloy containing 0.5 manganese. 
Heat treatment does not appear to 
affect the form or occurrence of 
these phases, and they show little 
tendency to go into solid solution. 

Composite Effect of Greater Per- 
centage of Minor Alloying Elements 
in F150.5 Alloy. Upon completion 
of the various investigations previ- 
ously described it became apparent 
that an equally satisfactory specifi- 
cation for this alloy could be utilized 
that was more generous in regard 
to the investigated elements. The 
resulting alloy would have equiva- 
lent properties to one of high com- 


mercial purity. A series of tests was 
performed with alloys of the compo- 
sitions shown in Table 12, produced 
from the same lot of metal and add- 
ing desired quantities of iron, man- 
ganese, nickel, and zinc to one of 
the melts. 

Results of this test are plotted in 
Fig. 30. It is apparent that there 
is essentially no difference between 
these alloys in regard to mechanical 
properties except for the fact that 
the more highly alloyed material 
overages more rapidly at a temper- 
ature of 450° F. 

As may be noted from the curves 
previously given in this paper, this 
phenomenon of accelerated over- 
aging appears to be related to the 
total quantity of alloying elements 
rather than being an effect ascrib- 
able to any one element. All F150.5 
alloys overage at temperatures of 
450° F. independent of the degree 
of purity, but an extra per cent or 
two of other alloying: elements in- 
creases this overaging. 

It should be emphasized that the 
tendency for the more highly alloyed 
F150.5 alloys to overage at the tem- 
peratures of 450° F. after solution 
heat treatment is not necessarily a 
disadvantage. 

Heating at these relatively high 





Fig. 29—Structure of alloy shown in 

Fig. 28 (right) when alloyed with 

0.65 per cent manganese. Second- 

ary alpha Fe-Si (script) and spher- 

oidized silicon. Etchant, 1 per cent 
HF. 300X. 
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Fig. 30—Composite effect of higher percentages of minor alloying elements on an F150.5 


alloy of high commercial purity. 








temperatures is practiced to stabilize 
the alloy so that further dimen- 
sional changes at intermediate tem- 
peratures will not occur, and to re- 
lieve residual internal stresses due 
to quenching. Alloys which overage 
more rapidly may, therefore, be 
stabilized in shorter heat treating 
periods. 


Summary 

The effects of casting conditions 
and of varying amounts of magne- 
sium, manganese, iron, nickel, and 
zinc have been determined on the 
sand cast and heat treated proper- 
ties of representative commercial 
samples within the range of F150.5 
aluminum alloy. 

Pouring temperatures greatly af- 
fect the resulting grain size and 
physical properties. Overheating the 
alloy has no influence on the result- 
ant grain size or mechanical prop- 
erties providing excessive gassing 
has not occurred and the alloy is 
cooled to the optimum casting tem- 
perature. In general, the alloy 
should be cast as cold as possible: 
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1250° F. maximum temperature for 
standard test bars. 


Magnesium is the most critical 
element in this alloy in its effect on 
mechanical properties. It tends to 
oxidize selectively upon melting and 
remelting, and the loss must be made 
up. It renders the alloy susceptible 
to heat treatment, and in: reasing 
amounts produce stronger less duc- 
tile castings. 

Nickel under 0.30 per cent has 
essentially nc effect on the mechani- 
cal properties investigated. Zinc is 
likewise harmless in amounts up to 
one per cent. Iron may or may not 
be deleteriouz, depending upon the 
manganese content of the alloy. 

Probably no more than 0.6 per 
cent iron can be safely tolerated if 
manganese is absent. If about 0.5 
per cent manganese is also present, 
up to one per cent of iron will have 
no effect. Since manganese also im- 
proves the properties of the alloy 
with low iron, it appears desirable 
to produce this alloy with at least 
0.3 per cent manganese. 


Since iron. pickup is a constant 
foundry problem, such insurance 
against inferior properties due to 
comparatively high iron should be 
of interest to the producer and con- 
sumer of castings alike. Probably 
marganese should be specified as a 
range of 0.30 to 0.70 per cent, while 
the iron content in castings should 
then be limited to a maximum of 
one per cent. 
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Association and Jubilee Convention 


SatuTinc A.F.A. in its Golden 
Jubilee year, Foundry Trade Jour- 
nal, for May 30, 1946, directs to the 
Association a message in which every 
member can take pride: 

Congratulations 

“When in 1896, a group of enthu- 
siasts created the American Foundry- 
men’s Association, they did more 
than provide an organization for the 
collection and dissemination of tech- 
nical knowledge, they gave a new 
significance to the word ‘foundry- 
man.’ Before this date, though the 
word existed in the United States, 
it was virtually obsolete in this coun- 
try. We are not, and never have 
been, particularly enamoured of the 
word, but we are conscious of the 
fact that where constant usage is 
invariably directed in a decent and 
respectable sense, time will accord it 
the status so gained. Thus for 50 
years the American Foundrymen’s 
Association, with which body we 
have been proud to be associated for 
a quarter of a century has constantly 
added lustre to the escutcheon of 
the industry. It was the prototype 
upon which the Institute of British 
Foundrymen was built. Co-opera- 
tion between the organizations has 
been continuous since the late Mr. 
A. O. Backert, the then president 
of the A.F.A., visited this country 
in 1919. The next year saw at the 
Blackpool Convention the presenta- 
tion of the first American Exchange 
Paper, and every year since that time 
this excellent system has continued. 
Realizing the benefits to be derived 
from the organization of Branch 
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[chapter] activities, the A.F.A. emu- 
lated the Institute in 1934. So great 
a success has followed its launching 
that the total membership is now 
over 8,000. 


“The British foundry industry is 
greatly indebted to American enter- 
prise. To its credit must go many 
major developments in mechanical 
moulding and sand control. Modest- 
ly, we express the opinion that if we 
have not been particularly outstand- 
ing as creators of foundry develop- 
ments, we have at least been apt 
pupils. Between the two wars, many 
of the presidents and high officials 
paid visits to this country, and the 
personal contacts so established have 
proved to be of the greatest value 
in oiling the wheels of co-operation 
during the last war. 

“The conference held in Cleve- 
land was of truly gigantic dimen- 
sions, the attendance being of the 
order of 20,000. The Mayor of 
Cleveland officially designated this 
manifestation as “Foundry Week,” 
and we doubt if ever the inhabitants 
of any city in the world have been 
made so conscious of the importance 
of our industry. National recogni- 
tion of the importance of the event 
was given by the receipt of a tele- 
gram from President Truman. It is 
a matter of regret that the celebra- 
tions came at a time when the after- 
math of war with its paucity of trans- 
port, currency restrictions and rag- 
bag wardrobes, limited international 
co-operation to the minimum. How- 
ever, the ‘token’ delegation, headed 
by Mr. Tom Makemson [Secretary, 


Institute of British Foundrymen| 
adequately expressed the sincere ad- 
miration felt by European foundry 
men for the enterprise and energy 
which has placed the American 
Foundrymen’s Association on th 
highest level amongst co-operative 
technical efforts. 

“The time is appropriate to ex- 
press the gratitude of the foundry 
world ‘to those two great pioneers 
Dr. Moldenke and Mr. John A. Pen- 
ton, who possessed the vision to real- 
ize that there existed a need for an 
organization which would plough 
science into their industry. A fer- 
tile field resulted, and from its seeds 
the world’s factories have gained im- 
measurable benefits. 

“The A.F.A. is now directed by a 
virtually new staff. To them and 
their successors go our best wishes. 
To the members, President and 
Council [Board of Directors] of the 
American Foundrymen’s Association 
we send our heartiest congratulations 
on the culmination of fifty years of 
honest and enlightened service to a 
worthwhile basic industry.” 

Following his return to England, 
Mr. Makemson added another pleas- 
ant post-Convention note, in a let- 
ter to the National Office: 

“Now that we are back I think 
I ought to tell you that we had a 
most interesting time. It was a very 
useful trip and, in addition to its 
usefulness, we all of us enjoyed it 
very much. The success of the trip 
was, of course, due entirely to the 
help and co-operation we received 
from our American friends, and the 
main purpose of this letter is to 
thank the American Foundrymen’s 
Association for inviting us to attend 
the Conference, and also for all the 
help with regard to our accommoda- 
tion and to our post-Conference trip. 
We are very much indebted to all 
our friends in the A.F.A. Please ac- 
cept our sincere thanks.” 


Chapter Furthers City 
Educational Bond Issue 


FOUNDRY EDUCATIONAL FACILITIES 
will be available in a new trade 
school to be established in Cleveland 
as part of an educational project for 
which a municipal bond issue of 
$2,250,000 recently won approval, 
furthered by active support of 
Northeastern Ohio A.F.A. chapter 
through its educational committec. 
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FLUIDITY TESTING OF 











FOUNDRY ALLOYS 








K. L. Clark 


Naval Research Laboratory 
Washington, D. C. 


Two REASONS for fluidity 
testing are: First, fluidity of new or 
unfamiliar alloys may be determined 
so that the person responsible for 
casting operations can choose the 
one with the best fluidity among sev- 
eral alloys which otherwise may be 
equally suitable for the specific ap- 
plication. 

Some evidence exists’®® which in- 
dicates that many alloys have ap- 
proximately equal fluidity when they 
are heated an equal degree above 
their respective liquidus tempera- 
tures. However, this point has not 
been proved conclusively and more 
data are necessary for the informa- 
tion of foundrymen. There is a 
definite need for fluidity testing in 
the laboratory to aid the develop- 
ment of better foundry practice. 

Second, fluidity testing on the 
shop floor is a means of quality con- 
trol to which some foundries have 
not given careful consideration. 
Some foundrymen believe that fluid- 
ity testing is strictly a laboratory ex- 
pedient and that it has no place in 

production shop. Certainly, in 
foundries where no castings having 
‘hin sections or intricate shapes are 
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poured, or where misrun castings are 
never encountered, it would be a 
waste of time to train personnel for 
reliable fluidity testing. 

Likewise, in certain non-ferrous 
foundries where temperature meas- 
urement is not difficult, fluidity test- 
ing assumes minor importance. How- 
ever, in shops where metal is used 
at temperatures above 2200° F. 
(1205° C.) for the pouring of cast- 
ings which are susceptible to mis- 
runs, it is believed that routine fluid- 
ity testing can be employed with 
profit. In support of this statement, 
it may be said that a fluidity test has 
been used with marked success to 
prevent the occurrence of misrun 
steel castings in the foundry of the 
U. S. Naval Research Laboratory. 

After a period of observation, it 
was learned that if the length of the 
fluidity spiral poured with metal 
taken from the direct-arc furnace is 
less than 20 in., intricate castings 
are apt to be misrun; that if the 
length is more than 26 in., misruns 
do not occur, and that if the length 
is 20 to 26 in., misruns occur occa- 
sionally. These observations apply 
to normal operation in the pouring 


of miscellaneous shop castings at the 
U. S. Naval Research Laboratory, 
and the limiting values would be 
different in another foundry where 
ladle preheating, 1adle capacity, 
pouring time, and other conditions 
would be different. 


Fluidity Defined 


Fluidity is the term used in this 
paper to express the ability of metal 
to flow. It is the resultant effect of 
several physical conditions which 
govern the solidification of mouter 
metal as it flows in a mold. Fluidity 
is not a true physical property of the 
metal and is difficult to define ex- 
actly. 

A foundryman can express it most 
easily by means of a comparison. For 
example, metal is said to have ade- 
quate fluidity for a specific casting 
application if it flows freely through 
the gates and fills the mold com- 
pletely so that a casting is formed 
without misruns or cold shuts. 

Fluidity Evaluated. Many trouble- 
some variables would have to be 
considered if an attempt were made 
to evaluate fluidity on a truly physi- 
cal basis, as heat transfer, fluid flow, 








® Fluidity testing of foundry alloys is a subject of importance 

to the foundry industry because it is a method which can be 
used to evalute the casting characteristics of alloys and which 
may be employed for quality control in the shop. Many inves- 
tigations on fluidity have been made but few investigators have 
employed the same test piece. An objective of the Committee 
on Fluidity Testing of the American Foundrymen's Association 
is to determine if a single, standard fluidity test which is rea- 
sonably suitable for all foundry alloys can be adopted by the 
industry so that data from many sources can be compared 
directly. Accordingly, published work on fluidity has been ap- 
praised by the author and certain recommendations are offered. 
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viscosity, mechanics of solidification, 
film formation, surface tension, gas 
evolution, and suspended non-metal- 
lic materials are operative in deter- 
mining this complex quantity. 

Acordingly, the only convenient 
method of evaluating fluidity is an 
empirical one. That is, carefully 
standardized test conditions must be 
established and rigorously repro- 
duced from test to test. Even when 
| this is done, the values obtained are 
| only relative and can be used only 
by observed correlation with casting 
| practice for control purposes or for 
comparison of one metal with an- 
other on an arbitrary basis. 


Often Investigated 


Many investigators have studied 
fluidity and have reported their find- 
| ings in the literature of foundry 
| technology. Figures 1 through 5 
| illustrate some of the test pieces 
which have been used. A compre- 
hensive bibliography’ on fluidity 
of metals covering the period from 
1902 to 1935 was prepared by the 
British Iron and Steel Institute. 

The preponderance of attention 
in recent years has been given to 
ferrous alloys, and the work of British 


investigators has been particularly 
noteworthy. These reports®® &> 75: 76 
78 and other valuable contribu- 
tions on fluidity ®-® %-74, 79-105 since 
1935 are also listed in the bibliog- 
raphy at the end of this paper. 

Thus, most of the factors concern- 
ing the condition of the metal and 
their effects upon fluidity have been 
considered at one time or another. 
The unfortunate feature of all this 
work is that many of the investiga- 
tors have adopted totally new test 
pieces or have so altered previously 
used test pieces that it is not possible 
to compare data. 

Progress usually comes from 
changes and alterations and these 
changes have served a useful pur- 
pose. However, it appears desirable 
to agree upon a standard test piece 
and testing procedure so that found- 
rymen can speak a common lan- 
guage of fluidity and can compare 
notes on the fluidity of their alloys. 
In this manner, a rational correla- 
tion between measured fluidity and 
casting practice can be made in a 
relatively short period. Adoption of 
such a standard throughout the 
foundry industry is the objective of 


the Fluidity Committee of the Amer- 
ican Foundrymen’s Association. 

It is not meant to imply that onc 
test piece and one testing procedure 
are necessarily best for all foundry 
alloys, but it is believed that some 
concessions, made in the interest of 
standardization, would be beneficial 
to the interests of all. Therefore, 
this paper is written to present a 
survey and critical appraisal of pub- 
lished information concerning the 
variables of fluidity testing. 


Aspects Considered 


In the discussion of these variables 
which follows, consideration is given 
to sensitivity and reproducibility for 
laboratory tests and to simplicity for 
shop practice. Emphasis is placed 
on the requirements of fluidity tests 
for high-melting-point alloys, but 
special requirements for certain of 
the lower-melting-point alloys are 
not overlooked. 

Ideal Conditions for Fluidity Test- 
ing. In practically all of the tests 
which have been used to evaluate 
fluidity of molten metals, the same 
basic method has been followed. 
Metal is caused to flow into a chan- 
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F’g. 1—Fluidity pattern assembly (Saeger, Krynitsky). 
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Fig. 2—Spiral for fluidity test (Greaves). 
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nel of relatively small cross-sectional 
areas for a distance determined by 
the rate at which the mold extracts 
sufficient heat to cause solidification 
of the metal and to stop movement 
of the stream. The length of flow 
is taken as the measure of fluidity. 
As with any test, sensitivity and re- 
producibility are necessary if the test 
is to be useful. 

For a fair degree of sensitivity, the 
test piece must be designed with a 
definite relationship among the fac- 
tors of force acting to drive the 
metal through the flow channel, the 
dimensions of the flow channel, and 
the thermal characteristics of the 
mold material. Regardless of the 
fluidity of the metal, if the proper 
relationship is not obtained, the 
metal in one instance may be forced 
through the full length of the chan- 
nel or, in another, may be frozen 
without having flowed an appre- 
ciable distance. In either extreme 
case the test is meaningless. 

If the fluidity test piece is de- 
signed for adequate sensitivity, du- 
plication of test conditions within 
close limits from test to test is still 
a major problem. Ideally, the con- 
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Fig. 4—-Spoon test for determination of the running capacity of liquid 
metal (Ruff ). 








ditions for optimum reproducibility 
are as follows: 

1. The force exerted upon the 
metal at the point of entry to the 
flow channel should be constant. 

2. No other variable force such 
as that of gravity, due to variations 
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Fig. 3—Fluidity test piece (Andrew, Percival, and Bottomley). 
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in pouring rate or metal head, or of 
expanding gases should be imposed 
upon the metal during its period 
of flow. 

3. The conditions of heat trans- 
fer must remain constant from test 
to test. 

In practice these ideals are diffi- 
cult to attain and some compromise 
must be made. These compromises 
are discussed in the paragraphs 
which follow. 

Shape and Dimensions of the 
Flow Channel. In one of the earliest 
investigations on fluidity, West’ used 
a casting in the form of an elongated 
wedge. This type of test casting is 
still used in some foundries. How- 
ever, most of the reported data were 
obtained by the employment of flow 
channels with uniform shapes and 
dimensions throughout their lengths. 
Square, rectangular, circular, half- 
circular and trapezoidal sections 
have been used. 


General Indications 

Since the practical value of a 
fluidity test is mainly relative, it ap- 
pears that the cross-sectional shape 
makes little difference except for the 
ease with which the pattern is mold- 
ed. From this standpoint, a circular 
section is not satisfactory. Unless a 
straight rod is used, a circular sec- 
tion must be molded with a parting 
line and the danger of mismatches 
is always present. 

Because the complete impression 
of the flow channel can be made in 
one-half of the mold, and because 
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Fig. 5—Fluidity spiral test p.ece (Taylor, Rominski, and Briggs). 
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of the ease with which the pattern 
may be drawn from the sand, a half- 
round or trapezoidal section is be- 
lieved to be most practical for the 
flow channel. 


Dimensional Variations 

Cross-sectional dimensions of the 
flow channel can be varied within 
certain limits in accordance with the 
height of the down gate and the 
thermal characteristics of the mold- 
ing material. Saeger and Ktynitsky** 
used a rounded, trapezoidal flow 
channel with an area of approxi- 
mately 1/12 sq. in. The approxi- 
mate cross-sectional area of the flow 
channel used by Andrew, Percival 
and Bottomley® is 1/11 sq. in. 
Ruff’s® channel is circular and has 
a cross-sectional area of approxi- 
mately 1/30 sq. in. 

Taylor, Rominski and Briggs*° 
made their tests with a flow channel 
having a rounded, trapezoidal shape 
and an area of approximately 1, 7 
sq. in. Greaves® also used a round- 
ed; trapezoidal flow channel with a 
cross-sectional area of approximate- 
ly 1/9 sq. in. Although the fore- 
going investigators made their studies 
upon ferrous alloys in sand molds, it 
has been reported to the writer that 
satisfactory fluidity tests have also 
been made upon aluminum and 
copper-base alloys with the test piece 
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of Taylor, Rominski and Briggs. 


Ruff® did not use the fluidity 
test proposed by Saeger and Kryn- 
itsky** because he believed that the 
flow channel was too large to avoid 
turbulent flow of the metal. Whether 
or not turbulent flow is deleterious 
to the test is debatable. However, 
in view of the apparently satisfac- 
tory results of several investigators 
who used the larger flow channels, 
it is believed desirable to establish 
the cross-sectional area of a standard 
fluidity test channel between 1/12 
and 1/7 sq. in. 

Length of the flow channel must 
be such that solidification of the 
most fluid metal to be tested occurs 
before the stream reaches the full 
length of the cavity. This, in turn, 
is determined by the cross-sectional 
area of the flow channel and by 
other factors which have.been stated 
previously, namely, the thermal na- 
ture of the mold material and the 
pressure head exerted upon the 
metal. 

Of the test pieces mentioned in 
connection with the discussion of 
the cross-sectional area of flow chan- 
nel, those used by Saeger and Kryn- 
itsky**, Greaves®*, and Taylor, Rom- 
inski and Briggs*® are all approxi- 
mately 60 in. long. That used by 
Ruff® is approximately 24 in. long. 


If the recommendations regarding 
cross-sectional area are to be fol- 
lowed, it would appear necessary t: 
establish a length of flow channe! 
of approximately 60 in. 

Spiral Flow Channels vs. Straight 
Flow Channels. In most of the test 
pieces designed for measurement o! 
fluidity a spiral configuration of the 
flow channel has been adopted for 
reasons of simplicity in molding. 
Ruff® used a straight flow channel 
but the length is relatively short, 24 
in. as compared with a length of 
approximately 60 in. for the other 
test pieces which have been men- 
tioned. 

Molding Errors 

If the test piece is to be molded 
in a two-part flask, it is almost essen- 
tial that the pattern be mounted on 
a board. Obviously, if the board is 
more than 60 in. long, as is required 
when the previously recommended 
flow channels are made straight, 
much more opportunity exists for 
distortion during handling and stor- 
age of the pattern or during ram- 
ming of the sand than if the flow 
channel is formed as a spiral. 

Even though the cross-sectional 
dimensions are assumed to be as 
large as Y2x% in., a distortion of 
the board of as little as 0.025 in. 
causes a variation of 5 per cent in 
the cross-sectional area. Surely, if 
only one condition of the test is sub- 
ject to errors of this order, close 
control of other unavoidable errors 
would not be sufficient to make the 
test reproducible within reasonable 
limits. 

Another point in favor of the 
spiral flow channel is the matter of 
levelling of the mold. In any labora- 
tory determination where the highest 
precision is desirable, test molds 
should be levelled carefully, regard- 
less of the design of the mold. How- 
ever, for quality control in the shop, 
it appears desirable to make the test 
as insensitive to levelling as possible. 
In a case where one or more turns 
of the spiral are filled with molten 
steel, variations in pressure head 
caused by a slight inclination of the 
mold may be very nearly self-com- 
pensated. 

For control purposes at the U. 5. 
Naval Research Laboratory, the 
spiral-type fluidity mold is levelled 
only by sight. It is placed upon 4 
thin layer of sand in the bottom of 
a wheelbarrow. When it is desirab ¢ 
to make a fluidity test, the mold is 
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wheeled to a convenient position 
and is poured without further prep- 
aration. This freedom would not be 
possible if a test piece with a straight 
flow channel were employed. 

Other advantages of the spiral 
flow channel are that standard flask 
equipment may be used and the 
mold is small enough to be handled 
with ease. 


Material of the Mold for Fluidity 
Testing. Several of the arguments 
set forth in the foregoing paragraphs 
have been made on the assumption 
that green sand is the most desirable 
molding medium. This point de- 
serves some discussion. 


If a choice is to be made between 
a permanent mold of cast iron or 
steel and a sand mold for fluidity 
testing, there appears to be little 
room for argument. Permanent 
molds have the one advantage of 
offering a better opportunity for con- 
stancy of dimensions of the flow 
channel. However, if scaling and 
pitting from repeated use are to be 
avoided when high-melting-point 
alloys are tested in the mold, a mold 
dressing must be applied. 


Effect of Dressings 

Since heat is carried away rapidly 
by a metallic mold, variation in the 
thermal characteristics of the dress- 
ing causes a profound effect upon 
the time necessary to extract enough 
heat from the flowing metal to cause 
it to solidify, and therefore upon 
the indicated fluidity. Moreover, the 
presence of any gas-forming material 
in a mold dressing is a probablz 
cause of erroneous test results since 
a permanent mold has no perme- 
ability and entrapped gas causes un- 
predictable retardation or acceler- 
ation of the metal flow. 

The choice between green and dry 
sand molds or baked core-sand as- 
semblies is more difficult to make. 
An obvious difficulty with core as- 
semblies is warpage of one-half of 
the mold in relation to the other 
half which occurs during baking. 
Unless the cores are baked as as- 
sembled in supporting frames which 
are retained in position until the test 
mold has been used, this warpage 
is apt to cause “run-outs” and un- 
reliable test results. 

Such difficulties are not experi- 
enced in the use of straight flow 
channels if corrosion - resistant 
straight rods are baked in the sand 
aid are removed later, as was done 
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by Kron and Lorig’® who used a 
modification of Ruff’s method for 
their fluidity studies. 

Green sand molds are more eco- 
nomical than baked sand molds, and 
several investigators have expressed 
the view that they are entirely satis- 
factory if certain precautions are 
observed. First, the bond strength 
of the sand must be adequate so that 
sand is not eroded by the flowing 
metal. Second, the sand must be 
sufficiently permeable so that the 
steam formed by the rapid heating 
of the water in the molding sand can 
escape easily to the atmosphere and 
does not cause pressure to be exerted 
upon the metal. 

Sand Moisture Content 

In this connection, it is deemed 
advisable to provide an ample vent 
at the end of the flow channel as a 
factor of safety to prevent the de- 
velopment of gas pressure ahead of 
the flowing metal. Whether or not 
normal variations in the moisture 
content of a sand have appreciable 
effects upon the chilling action of 
the mold has been considered by 
several investigators. Curry”? report- 
ed that variations of from 3 to 7 
per cent appeared to make little dif- 
ference in the measured fluidity. 

Some differences were ascribed to 
variations of the moisture content 
of the molding sand by Saeger and 
Krynitsky”®. 

Greaves®® stated that moisture 
content of the sand seems to have 
little effect upon chilling of the 
metal unless it has flowed over a 
considerable area of the mold cavity. 
Taylor, Rominski and Briggs*® found 
no significant differences in fluidity 
as the moisture content of the sand 
was changed. 

If one is inclined to prefer a baked 
sand mold on the basis of freedom 
from moisture, the possibility of 
water absorption during storage 
should not be overlooked; Berger** 
summarized the situation in this re- 
gard by saying that it is easier to 
keep the moisture of green sand 
constant than to maintain dryness 
of cores and dried sand molds. 

Ruff® conducted a study of metal 
flow in narrow channels to deter- 
mine the effect of surface conditions 
of the mold cavity. For purposes of 
standardization of the fluidity test, 
a detailed treatment of these factors 
does not seem necessary. However, 
it appears desirable, for the sake of 
uniformity, to specify the grain size 





of the sand within narrow limits. 

Silica sand with an A.F.A. grain 
size number of 80+ 5 should be 
suitable if it does not contain ab- 
normal quantities of silt and so 
bonded that the permeability is not 
less than 75 by the A.F.A. perme- 
ability test. 


Temperature of Mold. The rate 
of heat flow from the metal varies 
with the initial temperature of the 
fluidity mold and it is to be expected 
that fluidity measurements would 
also vary with the temperature of 
the mold. However, Courty”® has 
shown that fluidity values of alumi- 
num-base alloys determined in cast 
iron molds are not increased appre- 
ciably even though the molds are 
heated considerably above that tem- 
perature which can be expected 
from climatic variations (Fig. 6). 
Therefore, it is believed necessary 
to specify only that the standard 
fluidity test mold be at room tem- 
perature at the time of test. 


Gating Methods. Ideally, the sys- 
tem of gating should be so designed 
that metal is available at the entry 
of the flow channel under a constant 
pressure head and without appre- 
ciable inertia. Such an ideal could 
be achieved only by having a reser- 
voir of liquid immediately adjacent 
to the flow channel with a quick- 
opening valve at the point of its 
entry, and by having provision for 
maintenance of a constant pressure 
head on the reservoir. Successful 
operation of a quick-opening valve 
in molten metal at this position in 


Fig. 6—Castability of an aluminum 
alloy vs. mold temperature (Courty). 
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Table 1—S piral tests of steel and malleable cast iron for different gates (Ruff). 


the mold is a practical impossibility. 
Therefore, ideal gating conditions 
must be approached as nearly as 
possible by other means. 

Ruff® conducted some experi- 
ments in which several details of 
gating were varied simultaneously. 
Table 1, taken from his paper, is 
reproduced here. His test results in- 
dicate that a horn gate is not suit- 
able for introduction of steel into 
the flow channel. 

Carapella and Shaw*™ were also 
concerned about the influence of a 
horn gate upon fluidity tests con- 
ducted with magnesium alloys. They 
have reported that better sensitivity 
was obtained by replacing the horn 
gate with a vertical down gate cen- 
tered over a small basin from which 
entry to the flow channel was made. 


Metal Flow 


The cross-sectional area of the 
sprue must be considerably larger 
than that of the flow channel. In 
this way, the velocity of the metal 
is low before it enters the channel 
and turbulence is avoided to some 
extent. It has been shown by Cour- 
ty®® that less than one second is re- 
quired for a aluminum-silicon alloy 
to run 50 cm. in a chill mold con- 
taining a spiral flow channel with 
a cross-sectional area of approxi- 
mately 1/12 sq. in. 

Although ‘the duration of flow is 
_probably somewhat longer in a sand 
mold, it is still short enough to re- 
quire that the sprue be filled as 
rapidly as possible after pouring is 
started. In:the absence of a valve 
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mechanism, the pressure head caus- 
ing flow varies during sprue filling. 

Therefore, if the sprue is com- 
paratively small so that it is filled 
quickly, inconsistencies in test re- 
sults from this cause are held to a 
minimum. It is recommended that 
the ratio of cross-sectional areas of 
down gate to flow channel be ap- 
proximately six to one, although it 
is recognized that the ratio can be 
changed somewhat from this value 
without affecting the test percepti- 
bly. 

From Ruff’s® work and that of 
other investigators, it is apparent 
that a large basin at the bottom of 
the down gate has no useful purpose 
in fluidity testing. It seems desirable 
only to have an enlargement of the 
sprue as a part of the channel pat- 
tern to prevent a mismatch when 
the sprue is molded. 

Pressure Head. If the variations 
of the pressure head which occur 
during filling of the sprue be neglect- 
ed and if it be considered that the 
sprue is kept exactly full during the 


period of test, the force acting to . 


cause flow in the channel is deter- 
mined by the height of the sprue 
and by the density of the metal. 
After the dimensions of the flow 
channel and the material of the 
mold have been selected, the height 
of the sprue must be fixed within 
certain limits so that the test is rea- 
sonably sensitive and even the most 
fluid metals which may be encoun- 
tered will not flow completely 
through the channel. 

For example, from Ruff’s® pre- 


liminary experiments with Saege 
and Krynitsky’s** test piece (Tabic 
1), it is apparent that the length of 
spiral was not sufficient with meth 
ods of gating D and E. Even with 
methods B and C, the malleable 
iron flowed very nearly to the end 
of the 60-in. (1525-mm.) spiral. 
Under these conditions, the test is 
not satisfactory. 


Height of Sprue 


The sprue should be short for 
convenience of molding and for pre- 
vention of sand erosion and _tur- 
bulence of the metal. It is recom- 
mended that the height of the effec- 
tive head be established within the 
range of 1 to 2% in. if sand molds 
are used with flow channels having 
dimensions within the limits previ- 
ously recommended. 


All of the investigators who used 
flow channels of that approximate 
size also used pressure heads within 
these limits except Greaves®*. He 
employed a sprue approximately 6 
in. high, but did not make any pro- 
vision for the maintenance of a rela- 
tively constant pressure head. 

From a comparison of the den- 
sities of aluminum and magnesium 
with those of iron-base and copper- 
base alloys the question of the neces- 
sity for changing the height of the 
sprue is raised if one standard test 
piece is to be applicable to all alloys. 
Density is less effective in changing 
the conditions of test than might be 
expected. 

Carapella and Shaw’ used a test 
piece for measuring the fluidity of 
magnesium alloys which is similar 


_to that developed by Saeger and 


Krynitsky”® except that they substi- 
tuted a simple sprue for the horn 
gate. Detailed dimensions are not 
given in their paper, but the effec- 
tive height of the sprue is apparent- 
ly unaltered. However, their plotted 
data indicate that the test is both 
sensitive and reproducible. Further, 
as has been stated, it is known by 
the writer that the test piece de- 
signed by Taylor, Rominski and 
Briggs®® has been used satisfactorily 
for the measurement of fluidity of 
aluminum alloys. 


Pouring Basins and Overflow. It 
is recommended that a pouring basin 
be provided in the standard fluidity 
test mold for two reasons. First, the 
kinetic energy of the metal being 
poured is largely dissipated in the 
pouring basin before it enters the 
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sprue. Second, a pouring basin is 
an excellent location for tempera- 
ture measurement of the metal in 
laboratory tests. The second reason 
will be discussed in a subsequent 
section of this paper on measure- 
ment of the temperature of the 
metal. 
Energy Dissipation 

A few investigators of fluidity 
have taken elaborate precautions to 
dissipate the kinetic energy of the 
metal being poured before it enters 
the sprue. A clever device which 
was developed for this purpose is 
that used by Courty*® who measured 
the fluidity of aluminum alloys in 
the test mold shown in Fig. 7. The 
sprue is stoppered by means of two 
fusible lead plugs. The time of melt- 
ing of the plugs is regulated by the 
thickness. 

Since lead has a much higher 
density than aluminum, and since 
the metals have practically no solu- 
bility for each other, the lead col- 
lects on the bottom of the compara- 
tively large basin below the sprue 
and does not interfere with the test. 
This arrangement is well designed 
for the intended use. However, it 
could not be considered for a stand- 
ard fluidity test because it does not 
appear practical for alloys with high 
melting points and is too complex 
for use as a quality-control test in 
the shop. 

Some investigators of fluidity have 
poured metal directly into the sprue 
of the test mold. This practice does 
not seem to be desirable because the 
kinetic energy of the metal being 
poured is transmitted directly to that 
entering the flow channel. More- 
over, it is apt to cause excessive and 
uncontrolled turbulence. If the test 
were to be reasonably reproducible 
under these conditions, metal would 
have to be poured from exactly the 
same height and at exactly the same 
rate, each time. 

These variables are difficult to 
control and it is advisable to follow 
the methods employed by a number 
of the more recent investigators, 
namely, to design the test mold with 
a pouring basin which discharges 
into the sprue at a fixed height above 
the plane of the flow channel and 
which overflows into another basin 
at a small, fixed height above the 
plane of entry to the sprue. 

Thus, if a high rate of pouring 
i; employed so that the sprue fills 
cuickly and remains filled, the pres- 
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sure head is kept constant within 
the limits set by the difference be- 
tween the two discharge levels. The 
shortest interval between discharge 
levels in any of the work reported 
is % in., which is the distance em- 
ployed by Andrew, Percival and 
Bottomley®’, and Taylor, Rominski 
and Briggs®*®. The latter test mold 
has been used widely enough to in- 
dicate that this dimension is ample 
although it obviously could not be 
much less than % in. 

If the amount of metal to be used 
for a fluidity test is to be kept rea- 
sonably small, the pouring basin can 
not be large. However, from the 
standpoint of dissipation of kinetic 
energy of the metal being poured, 
it is desirable to employ a fairly 
large basin. Moreover, it is essential 
that the pouring basin be larger 
than a certain minimum size so that 
temperature measurements can be 
taken therein. Size of the pouring 
basin is discussed further in the sec- 
tion on temperature measurement. 

Skimmers. It is well known that 
the presence of slag and dross has 
a pronounced effect upon the ap- 
parent fluidity of a metal. The effect 
is more noticeable with some non- 
ferrous alloys than with iron-base 
alloys. Accordingly, few of the in- 


vestigators who have worked with 
irons and steels have given attention 
to skimming devices. 

However, if the intention of sveci- 
fying a standard fluidity test for all 
of the commonly cast metals is to 
be realized, it appears essential that 
some means be provided in the gat- 
ing system to prevent floating, non- 
metallic material from entering the 
flow channel. 


Strainer Cores 


A strainer core can be inserted 
in the sprue in the manner employed 
by Curry”? and others. However, 
unless the openings through the core 
have a total cross-sectional area 
which is sufficient to allow rapid 
filling of the sprue, it is believed that 
some of the reproducibility of the 
test is lost. Since the core must have 
some strength and, therefore, be 
relatively large in comparison with 
the total area of the openings, the 
cross-sectional area of the sprue 
must be considerably larger above 
the core than below it. 

Therefore, the sprue fills to a con- 
stant level less rapidly with a strainer 
core than without it, even though 
no constriction is caused by it. More- 
over, the core acts to chill the metal 
somewhat, and it is desirable to keep 


Fig. 7—Fluidity mold incorporating fusible stoppers in sprue (Courty). 
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Fig. 8—Cast pair of spirals (Mott, Schaefer, and Cook). 


the chilling action to a minimum. 


Since it has been recommended 
that a pouring basin be made in the 
mold, a modification of the skim- 
ming device used by Mott, Schaefer 
and Cook’ is believed to be satis- 
factory for skimming dross and slag 
from the metal. A photograph of 
a fluidity casting, taken from their 
report, is reproduced in Fig. 8. The 
suggested modification is that the 
section between the skimmer and the 
sprue be reduced to allow it to fill 
more completely before metal enters 
the sprue. 

Temperature Measurement and 
Transfer of Metal to Test Mold. For 
fluidity testing in the laboratory, 
accurate measurement of the true 
temperature of the metal is an im- 
portant part of the procedure be- 
cause temperature has such a pro- 
found effect upon fluidity irrespec- 
tive of other conditions which may 
alter it. Some of the: inconsistencies 
in reported data probably are due 
to errors of temperature measure- 
ment. Even if the temperature of 
the metal is measured accurately in 
the furnace or in the ladle before 
the sample is poured into the mold, 
the metal can be chilled consider- 
ably as it is transferred. 

For example, if metal is poured 
directly from a crucible or lip-pour 
ladle, the pouring lip may be at any 
temperature within a wide range 
depending upon a number of con- 
ditions; if the metal is dipped with 
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a sampling spoon, the chilling effect 
of the spoon is dependent upon its 
mass, the degree of preheat, and the 
time required for the transfer. Thus, 
for laboratory tests, it is desirable 
to measure temperature of the metal 
in the fluidity mold itself. 


Temperature Measurement Technique 

Mott, Schaefer and Cook’® have 
used a method which appears to be 
reliable. Their technique is to place 
the hot junction of a platinum, plati- 
num-rhodium thermocouple in the 
pouring basin of the mold, Figs. 8 
and 9, so that the temperature of 
the metal can be taken just before 
it enters the sprue. For this tech- 
nique to be successful it is required 
that the couple respond rapidly and 
the indicator or recorder be equally 
responsive. 

These investigators used a spot- 
welded couple with the junction no 
larger than the elements. This couple 
was pulled through a single-bore, 
fused-silica sheath with thin walls so 
that the thermal lag was not more 
than 4 or 5 sec. A rapidly respond- 
ing indicator was used with the 
couple. It is necessary to have metal 
flowing into the pouring basin for a 
period which is long enough for the 
couple to respond to the true tem- 
perature of the metal before it enters 
the sprue. 

This condition can be controlled 
by establishing suitable dimensions 
for the pouring basin and by regu- 
lating the rate of pouring with a 


pouring cup. Mott, Schaefer and 
Cook used a pouring basin which 
is roughly cubical in shape with the 
length of each edge being approxi- 
mately 41 in. 

Temperature measurements are 
not required for quality-control tests 
of fluidity in the shop. It should be 
emphasized again that useful in- 
formation can be gained from this 
type of fluidity testing only by cor- 
relation of test results with observa- 
tions of fluid performance of the 
metal or the casting floor for each 
shop. 

Therefore, the important thing to 
be observed in shop ‘practice is that 
the metal is transferred to the test 
mold in exactly the same manner 
for each test. For example, the pro- 
cedure at the U. S. Naval Research 
Laboratory for making fluidity tests 
of steel in the arc-furnace for con- 
trol purposes is as follows: 

1. The bath is rabbled just before 
a sample is taken. 

2. A 10-lb. sampling spoon, initi- 
ally dry and at room temperature, 
is slagged for a period of 10 sec. as 
the melter counts, ‘“one-thousand 
and one, one-thousand and two 
etc.” 

3. A spoonful of metal is dipped 
from a fixed position with respect 
to the electrodes and is withdrawn 
quickly, but not hurriedly, from the 
furnace. 

4. The metal is deoxidized with 
a strip of aluminum unless the final 


Fig. 9—Mold and thermocouple as- 
sembly prepared for pouring (Mott, 
Schaefer, and Cook). 
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additions have been made to the 
furnace prior to time of the test. 

5. The spoon is inverted just 
above the pouring cup which is cen- 
tered over the pouring basin. The 
average deviation from the standard 
time-cycle for steps 3, 4, and 5 is 
approximately 3 sec. 

Sampling from Bottom-Pour 
Ladles. When it is desirable to make 
fluidity tests from a bottom-pouring 
ladle, some provision must be made 
to deal with the extraordinary force 
of the metal as it comes from the 
nozzle. 


Investigations 

Kron and Lorig’® developed a test 
mold with which they were able to 
pour fluidity tests from a bottom- 
pouring ladle containing 27 tons of 
steel (Fig. 10). The flow channel 
of this mold is a modification of that 
developed by Ruff. Only a few tests 
were made with the mold and the 
data are insufficient to support a 
recommendation for its adoption. 

Taylor, Rominski and Briggs al- 
tered the pouring basin of their 
laboratory test mold and placed a 
baffle core between the pouring 
basin and the sprue so that samples 
of steel could be taken from a bot- 
tom-pouring ladle. Other details are 
the same as those of the test piece 
for laboratory work or tests on the 





melting floor where a sampling spoon 
is used to transfer the metal to the 
mold. A photograph of the pattern 
for this test mold is shown in Fig. 11. 
Satisfactory tests were obtained with 
the large test piece and it is believed 
to be generally acceptable for use 
with a bottom-pouring ladle. 


Shop Tests vs. Laboratory Tests. 
The idea has been emphasized that 
one well designed test piece should 
be suitable for both shop tests and 
laboratory tests of fluidity. The flow 
channel, sprue, and pressure head 
of molten steel should be identical 
in all cases. However, for the pour- 
ing basin, two or possibly three de- 
signs are necessary because of the 
differences in requirements of pour- 
ing methods. 


For laboratory tests, the pouring 
basin must be sufficiently large so 
that accurate temperature measure- 
ments can be made of the metal as 
it enters the mold. The pouring 
basin of a mold which is to receive 
metal from a bottom-pouring ladle 
should also be large. By contrast, a 
smaller pouring basin is required for 
shop tests if metal is to be removed 
from a furnace with a sampling 
spoon. 

It is not suggested that shop tests 
can be made with the same control 
and care with which a laboratory 
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‘1g. 10—Detail drawing of experimental mold used to determine the flow- | 
ability of steel in foundry trials (Kron and Lorig). 
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test is conducted. However, it is be- 
lieved that the results of fluidity 
testing obtained from molds having 
the same pressure head of . molten 
metal, flow channel and sprue, al- 
though with pouring basins suffi- 
ciently different in design to satisfy 
the requirements stated, would be 
suffiicently comparable so that oper- 
ating and laboratory personnel could 
exchange information and improve 
practice for the benefit of the in- 
dustry. 


Summary of Recommendations 

A review of available information 
indicates that a standard fluidity test 
piece should have design details and 
provisions for operation similar to 
the following: 
Flow Channel. 


Half-circular or trapezoidal cross- 
section. 


Cross-sectional area should be 
established at some value within the 
range of 1/12 to 1/7 sq. in. 

Length of approximately 60 in. 


Spiral configuration with a vent 
at the end. 
Mold Material. 
Green sand without a mold wash. 
A.F.A. grain size of 80 + 5. 
Minimum A.F.A. permeability of 
75. 


Gating Arrangement. 

Vertical sprue with a cross-sec- 
tional area approximately six times 
that of the flow channel. 

Receiving well at the base of the 
sprue only slightly larger in diameter 
than the sprue. 


Pressure Head. 

Exact distance established within 
the range of 1 to 2 in. from plane 
of discharge from pouring basin to 
sprue. 

Variation regulated to % in. by 
discharge levels from pouring basin. 


Pouring Basin. 

At least two designs are necessary. 

One should be sufficiently large to 
dissipate kinetic energy of metal be- 
ing taken from a _ bottom-pouring 
ladle and to allow response of pyro- 
metric equipment for temperature 
measurement in laboratory tests. 

Other basin should be small enough 
so that the sample can be taken 
with a spoon. 

Provided with an overflow to 
maintain a constant pressure head 
within the limits mentioned. 


Skimmers. 
Baffle core placed between pour- 
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Fig. 11—Pattern for large fluidity test piece—(left) spaced properly for ram- 
ming in drag—(right) individual parts separated by glass plate (Taylor, 
Rominski, and Briggs). 


ing basin and sprue to skim non- 
metallic material from metal enter- 
ing sprue. 

Temperature Measurement for 
Laboratory Tests. 

Lightly sheathed platinum, plati- 
num-rhodium thermocouple inserted 
in pouring basin. 

High-speed indicator or recorder 
used. 


Fluidity Sampling from Bottom- 
Pour Ladles. 

Mold designed so that all details 
except pouring basin are the same 
as the test mold for samples taken 
with spoons or from lip-pour ladles. 
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CHAIRMAN CONFERENCE 


Program Stresses Chapter Cooperation 


SERVING A.F.A. MEMBERS BEST 
through chapter programs will be 
the theme of the third Annual 
Chapter Chairman Conference, 
Wednesday and Thursday, July 24- 
25, at the Stevens Hotel, Chicago. 
A program for national coordination 
of chapter activities, prepared by the 
National Office at the request of 
the chapters, will be presented to the 
delegates in outline form; and en- 
suing discussions will center on its 
development. 

Among important points discussed 
will be: how the National Office can 
assist chapter program chairmen; re- 
gional meetings and their possibili- 
ties; advantages of preparing chapter 
programs a year in advance; func- 
tions of program committees; and 
the question of speaker expenses and 
accommodations. 

National Officers to Attend 

Designed to materially increase 
the strength and prestige of the 
chapters, as well as to demonstrate 
the role of A.F.A. as the national 
technical society of the foundry in- 
dustry, the program to be offered is 
concise, limited in scope, and within 
the ability of every chapter to carry 
out. 

On hand to greet the chapter 
Chairmen will be A.F.A. National 
President Fred J. Walls; National 
Vice-President Sheldon V. Woods; 
and National Director Max Kunian- 
sky, Chairman of the Conference, as 
well as several other National Direc- 
tors, and members of the National 
Office staff. 

President Walls will deliver the 
address of welcome to the chapter 
Chairmen on Wednesday morning, 
prior to opening of discussions. 

Schedule for the conference in- 


cludes sessions through which dele- 
gates will acquire familiarity with 
all phases of A.F.A. National activi- 
ties and understanding of the many 
ways in which the National Office 
offers assistance to chapter officers 
and committees. 


Accommodations Arranged 

Room reservations will be made 
in advance for all who request ac- 
commodations at the Stevens Hotel, 
by the National Office, which will 
register in all official delegates. 
Those arriving prior to 8:00 am, July 
24, need only inquire at the hotel 
desk for information as to rooms 
assigned. Arrivals after 8:00 am 
should go directly to the upper 


‘ tower, 31st floor, where room keys 


will be distributed and identification 
badges given out before the Confer- 
ence gets under way. 

Members of the National Office 
Staff, including W. W. Maloncy. 
Secretary, and F. E. Wartgow, will 
register in at the Stevens Hotel Tues- 
day afternoon, July 23, and will be 
available thereafter to assist dele- 
gates in every way possible. 


Ontario Foundry Burns 


SWEEPING THROUGH the entire 
plant at Preston, Ont., fire of unde- 
termined origin destroyed the gray 
iron foundry of Clare Bros. & Co. 
Ltd., with loss estimated in the 
neighborhood of $200,000. Work- 
men are reported searching ruins 
for patterns and tools which can be 
salvaged; and officials of the firm, 
which produces components of heat- 
ing equipment, indicate that con- 
struction of a new plant on or 
adjacent to the site is planned 
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IT Is A KNOWN FACT that the 
cupola is the heart of the foundry; 
therefore, for good operation it is 
essential to use the best refractories 
available with the most advanced 
practices of lining and patching. 

The shell of the cupola should 
conform to a perfect circle as nearly 
as possible. Any irregularities allow 
excessive expansion and contraction 
between the joints of the lining 
bricks. 

In lining the well of the cupola, 
any of several methods may be used. 
Selection of a method depends upon 
the size of the shell and the well 
diameter desired. One method is 
placing of the 2- or 2'%-in. brick 
next to the shell and cupola block in 
front, the cupola block being ex- 
posed to the metal. In another 
method the cupola block is placed 
next to the shell and the 2- or 24-in. 
brick exposed to the metal. 


This latter method offers the ad- 
vantage of allowing replacement of 
the straights with but little effort. 
Another method utilizes 4-in. circle 
blocks next to the shell and faced 
of! with cupola blocks. Still another 
is in the use of two cupola blocks, 
one in front of the other. In still 
another method, 2- or 2!-in. 
straights alone are used, depending 
upon the well diameter desired. The 
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final method, say in a No. 3 cupola, 
is the use of a cupola block alone 
in the well. 

All of the foregoing methods re- 
quire the use of a soft, well-mixed 
mud between the joints of the bricks, 
the bricks themselves being dipped 
in a “clay soup.” In all of the meth- 
ods mentioned, “soup” is poured 
freely between the shell of the cupola 
and the bricks next to the shell to 
fill any voids. 

It should be mentioned at this 
point that in lining the cupola well, 
the joints of the bricks of the course 
next to the shell and the joints of 
the face brick should be staggered. 
This helps to eliminate any possi- 
bility of molten metal seeping 
through the bricks to the shell. After 
the well has been completely lined, 
the face brick are coated thoroughly 
with a commercial refractory wash. 

Having lined the cupola well, the 
next step is to properly fit the tuyeres 
in place. In the case of the indi- 
vidual tuyeres, it is a good policy, 
if possible, to bolt the tuyeres to the 
shell. Caution should be used to 
insure that a solid, tight fit is ob- 
tained between each tuyere, espe- 
cially if the tuyeres are not bolted 
to the shell. 

In the case of the continuous 








® Proper selection of 

methods and materials 
for cupola lining and patch- 
ing has much to do with the 
efficiency of the foundry 
melting. Good materials 
properly applied are im- 
portant factors in cupola 
melting practice. 











tuyere, it is important that the shell 
at this point conforms to as perfect 
a circle as possible. This is to in- 
sure a Close fit so that no air is lost 
in passing from the windbox through 
the tuyeres. 

The type of lining used between 
the tuyeres and to a point 2% ft. 
below the charging floor depends 
upon the size of the shell and the 
diameter that is desired. 


It has been advantageous in the 
lining of a cupola to have a ring 
bolted to the shell about 2 ft. above 
the melting zone, so that when only 
the melting zone is relined the brick 
above the ring is held in place. The 
number of rings in the stack of a 
cupola depends upon the height of 
the stack. 


The three courses of brick im- 
mediately above the tuyeres are 
placed so as to form an overhang 
of 2 to 3 in. over the tuyeres. This 
aids in preventing the tuyere plates 
from being burned off by the molten 
metal as it passes by the tuyeres, and 
also helps to keep the metal from 
dripping into the tuyeres. This over- 
hang can be obtained by an extra 
2- or 2¥%-in. straight being placed 


in the three courses. 


The section between the overhang 
and a point 2% ft. below the charg- 
ing floor is lined according to the 
diameter desired. 

In one lining method, a 2-in. 
straight is placed next to the shell 
and a cupola block in front of the 
2-in. straight. Another method uti- 
lizes two cupola blocks next to each 
other to form a course. If the 
cupola is small, the stack short, and 
only small tonnages melted, a single 
cupola block next to the shell is-suf- 
ficient lining. Here again, the- bricks 
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are dipped in a “soup” and the 
joints are sealed with a well-mixed 
clay. Any void between the back 
lining and the shell is eliminated by 
pouring “soup” between the shell 
and the back lining. 

Again it is important when lining 
the stack to stagger the face block 
in regard to the back lining to pre- 
vent the joints from coinciding. This 
practice is continued up to 2% ft. 
from the charging floor. 

From 2% ft. below the charging 
floor to 2 ft. above the charging 
floor a refractory block is used as a 
back lining. The face block is an 
iron brick. Here the iron brick is 
used as a face block to withstand 
the punishment received when the 
charges are thrown into the cupola. 

These iron brick usually are hol- 
low, so that “soup” can be poured 
into them to allow for contraction 
and expansion. The last row of iron 
brick above the charging floor usu- 
ally is bolted into place. The course 
of bolted iron brick acts as a sup- 
port for the arch brick used in the 
top part of the stack. The arch 
brick between the iron brick and 
the top of the stack seldom has to be 
replaced because it serves only to 
protect the shell from the flame of 
the cupola and has no other func- 
tion. 

After the cupola has been com- 
pletely lined, a coke fire should be 
placed in it and allowed to burn for 
24 hr. This will insure a completely 
dried cupola. 


Patching A Cupola 


The amount of work necessary to 
patch a cupola depends upon the 
amount of burn-out, which in turn 
depends upon the type of operation. 
If the cupola is charged unevenly, 
air distribution poor, melting rate 
high for the cupola size, or if the 
patching has been done sloppily, the 
amount of burn-out is affected ac- 
cordingly. Therefore, in cases of 
consistenly uneven burn-out it is the 
responsibility of the melter to find 
out which of the foregoing factors 
causes the trouble. 

After the drop has been cleaned 
up, the inside of the cupola should 
be sprayed thoroughly with water. 
A much cleaner job of chipping is 
obtained by wetting the inside of 
the cupola. 

Once the cupola has been 
chipped, the first thing to consider 
is repair of the well. If the meth- 
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od of placing the cupola block next 
to the shell and the 2- or 2%%-in. 
straight next to the metal is used, it 
must be made certain that the 2- or 
2¥2-in. brick are in good shape. If 
not, they must be replaced. 

If the cupola block is exposed to 
the metal and the well is in need of 
repair, a rammed mix that is fairly 
dry should be rammed into the 
eroded area, preferably with an air 
hammer. After the well has been 
repaired it should be washed with 
a clay soup or a refractory wash. 


Materials Used 


A number of different refractory 
materials are used for cupola patch- 
ing. Some foundries use sandstone 
cut with the grain; others use sand- 
stone cut against the grain, New- 
castle firestone, fire brick, and some 
use their own recipe for a rammed 
mix. Any of these materials may be 
used as long as it gives good results. 

It is important to note here that 
no matter what type of stone is used 
for patching, it should be dried so 
that all moisture is driven out. This 
will prevent “popping” of the patch- 
ing material when bed is burned in. 

After the melting zone of the 
cupola has been chipped clean and 
the well has been repaired, the next 
step in patching is to form a ring 
immediately over the tuyeres to act 
as a ledge or support for the re- 
mainder of the patchwork. This ring 
consists of small pieces of stone and 
well-mixed mud. 

The type of mud used for patch- 
ing varies with every foundry. Some 
of the mixes used are fire clay and 
new molding sand, fire clay and silica 
sand, silica sand and gannister, and 
fire clay alone. It is important to 
remember that no matter what mix- 
ture is used for patching, it should 
be mixed 18 to 24 hr. ahead of time. 

Once the ring over the tuyeres 
has been made, the melting zone can 


be patched. If an excessive burn- — 


out occurs in one area, it is better 
to tear out the lining to the shell 
and put in a uew lining in that area. 
It is much more practical to do this 
than to try and patch over the area 
with patching material. 

The ability of a patcher to work 
the patching stone into the variously 
burned areas is of great help in 
maintaining the original diameter of 


Right—“Standard Bronze” centrifu- 
gally cast bushing stock. 


the cupola. It is up to the patche: 
to place a good layer of clay on the 
lining to hold the patching stone in 
place. Any areas that are burned 
deeper than others have to be 
patched with a thicker piece or 
pieces of stone so that no depressions 
are left in the patching. 

If a certain area has only a slight 
burn-out, it is well to patch with a 
thin piece of stone so that the orig- 
inal diameter is not reduced. Finally, 
in an area that has had practically 
no burn-out it is wise to merely wash 
over it with a clay soup and leave 
it alone, because sooner or later it 
will burn off. 

The writer would like to mention 
that any voids formed by the joints 
of the patching stones must be filled 
in with small pieces of stone. This 
helps to keep the larger stones in 
place and prevents them from slip- 
ping. 

After the work of patching the 
cupola has been done, the patched 
areas should be washed with a thick 
clay soup. 

In conclusion, if two cupolas are 
available and they are run alter- 
nately, it is preferable to dry the 
patching for at least 2 hr. by means 
of air and gas torches or a wood fire. 


Aluminum Bronze Stock 


CASTING TECHNOLOGY has devel- 
oped a light, long-wearing prod- 
uct in centrifugally cast aluminum 
bronze bushing stock, according to 
announcement by Torrance Brass 
Foundry, Torrance, Calif. 

The product, developed before 
the war and used extensively during 
hostilities by government contractors 
in the aircraft, automotive and mari- 
time industries, is now available 
nationally through jobbing outlets 
for the first time. 
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A SERIES OF COMMERCIAL and 
experimental steels was studied to 
determine what correlations exist 
between the notched-bar properties 
and other factors such as composi- 
tion, deoxidation practice, heat treat- 
ment, and microstructure in an at- 
tempt to learn more about the com- 
ponent factors of notched-bar prop- 
erties of cast steels. 

Melting and Foundry Practice. 
The steels tested in this investigation 
comprised two groups whose com- 
positions are given in Tables 1 and 
2. The 11 manganese-molybdenum 
steels were made commercially in 
open hearth or electric furnaces and 
received different deoxidation addi- 
tions but were otherwise similar in 
composition. The test samples were 
cast in double-keel test blocks hav- 
ing two coupons 1¥% in. square and 
14 in. long. The coupons were 
burned from the raw castings with 
an oxyacetylene torch. 

The other 18 steels were made in 
a laboratory induction furnace and 
cast in plate molds using a blind 
riser and atmospheric pressure for 
feeding. Figure 1 shows the test 
casting used for these steels. 

Sixteen of the laboratory heats 
were melted in a magnesia crucible 
from a charge of ingot iron and 
ferrosilicon sufficient to give 0.10 
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Presented at a Steel Session of the 
Fiftieth Annual Meeting, American 
Foundrymen’s Association, at Cleveland, 
May 10, 1946. 
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per cent at melt down. After a tem- 
perature of 3000°F. was reached, 
the ferro-alloy additions were made, 
and the heat was held 2 min. 

The final deoxidizer was then 
added, and the metal was poured 
into a small ladle. The time be- 
tween deoxidation and casting was 
about one min., and the pouring 
temperature averaged 2965°F. as 
indicated by an optical pyrometer. 
The steel was cast in oil-sand molds 
which had been skin dried with a 
gas flame. 

Two steels (Nos. 1 and 12, Table 
2) exhibited central gas porosity 
when made by the procedure de- 
scribed in the foregoing. The de- 
fects were round, shiny holes and 
bore no similarity to shrinkage cavi- 
ties except for their location. The 
typical appearance and the unsound- 
ness in the silicon-killed steels with 
0.63 per cent manganese is shown 


— 
. 
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by the photograph in Fig. 2 at 34X. 

This type of porusity was found 
in castings made in skin-dried oil- 
sand molds and in molds dried for 
6 hr. at 450° F. Five of the six test 
castings made from these composi- 
tions in oil-sand molds exhibited the 
center-line defects. The good casting 
was one of three made with a car- 
bon boil during melting and oil- 
sand molds baked at 450°F. Six 
castings made later in fire clay- 
bonded molds dried at 450°F. for 
4 hr. were sound. The composition 
of the mold mixtures is indicated 
in Table 3. 

Porosity obtained in these castings 
was first attributed to hydrogen in 
the charge, but this theory was dis- 
carded when the carbon boil ef- 
fected no improvement. The fact 
that the change to fire clay-bonded 
molds eliminated the trouble indi- 
cated that the core oil was the source 
of the trouble. 

It seems likely that the core-oil 
residue, remaining after drying, re- 
acted with the steel to form carbon 
monoxide, carbon dioxide, and 
hydrogen. Presumably some of the 
gas dissolved in the steel and later 
formed bubbles near the center 
where it was concentrated by den- 
dritic segregation. 

Similar steels deoxidized with alu- 
minum (Nos. 2 and 13) and cast- 
ing No. 3 with 1.55 per cent man- 
ganese were sound when cast under 
conditions giving porosity in the 
steels discussed in the foregoing. 
Apparently the presence of strong 
deoxidizers or the extra manganese 
was sufficient to prevent gassing in 
these castings. 

Heat Treatment. The manganese- 
molybdenum steels were heat treated 
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in sections 11% in. square and 14 in. 
long. The steels made in the labo- 
ratory were heat treated as plates 
114x6x6'% in. All raw castings were 
heated 2 hr. at 1800°F. and air 
cooled before receiving the final heat 
treatments. The manganese-molyb- 
denum steels were water quenched 
from 1600°F., tempered 5 hr. at 
1240° F., and air cooled. 

Previous experiments had shown 
that this grade of steel was not 
temper brittle. The laboratory steels 
were tested in both normalized and 
drawn and water-quenched and 
tempered conditions. The heat-treat- 
ing temperatures varied somewhat 
because of the differences in com- 
position. 

Grain Size and Hardenability. 
The austenite grain size developed 
by the actual heat-treating schedule 
was determined for all steels by 
means of an interrupted quench. 
The austenite grain-growth charac- 
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teristics of the steels were evaluated 
in a qualitative way by carburizing 
samples for 8 hr. at 1750° F. 

This temperature was about 
150° F. higher than the actual heat- 
treating temperature and caused 
grain growth in some steels which 


were fine grained at the lower tem- 
perature. These tests showed that 
the experimental steels varied in 
their grain size and grain-growth 
characteristics with the deoxidation 
practice. 

Standard end-quench hardenabil- 
ity tests were run on the laboratory 
steels using the same temperature 
and schedule employed in the actual 
heat treatment. The end-quench 
data indicated that steels Nos. 3 
and 11 had the highest hardenabil- 
ity and were fully hardenable under 
the conditions employed. These two 
materials were silicon-killed medi- 
um-manganese steels. 

Since no stock was available for 


‘end-quench tests on the manganese- 


molybdenum steels, their approxi- 
mate hardenabilities were calculated 
according to Grossmann’s method.' 
The hardenability data obtained by 
experiment and calculation are given 
in Table 4. 

Metallography. Metallographic 
examinations were made on 
unetched samples of the various 
steels to determine the effect of dif- 
ferences in deoxidation, practice on 
the inclusions. The distributions of 
the sulphides, which were the most 
numerous and probably the most im- 
portant inclusions, were classified ac- 
cording to the system proposed by 
Sims and Dahle®. These classifica- 
tions are illustrated by the photo- 
micrographs in Fig. 3. 

Globular Type I sulphide distribu- 
tion was characteristic of all silicon- 
killed steels including those receiv- 
ing calcium or vanadium additions. 
The sulphide inclusions in the com- 
mercial steels with less than 0.01 
per cent residual titanium were also 
globular. This inclusion distribution 





Table 1 
CoMPOSITION OF COMMERCIAL STEELS TESTED 





Heat 
No.* Cc Mn Si Ss P 
158 0.29 1.00 0.30 0.034 0.042 
9982 0.28 1.01 0.27 0.040 0.035 
131 0.29 0.99 0.31 0.037 0.032 
608 0.29 0.95 0.31 0.033 0.036 
1141 0.31 105 0.32 0.034 0.034 
536 0.29 0.96 0.33 0.033 0.036 
woe. O27 1.00 0.47 0.031 0.030 
1261 0.30 1.01 0.30 0.039 0.035 
1008 0.28 1,00 035 0:035 0:025 
1092 0.32 0.96 0.30 0.038 0.029 
1739 0.29 1.00 0.34 0.032 0.030 





Composition, per cent 


Residual —Deoxidation Treatments— 
Mo Deoxidizer Deoxidant lb. per ton 
0.42 0.008 Ti fi 2.0 
0.40 0.008 Ti Ti 2.0 
0.38 0.008 Ti Ti 2.0 
-0.38 . 0.033 Al Ps .. 
CaMnSi we 
0.33 0.050 Al )Al 98 
fAl, 3.0 
0.16 0.089 Al ) Boron added 
0.41 0.002 Al Al 29 
0.34 0.009 Ti Ti 2.0 
0.40 0.007 Ti Ti 2.0 
0.34 _ CaMnSi YA 
0.32 + CaMnSi 2.0 


*Steels with heat numbers below 700 were made in an electric furnace; the others were mace in 


an acid open hearth furnace. 


— 
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is generally considered to have the 
least harmful effect on ductility. 
Manganese sulphide inclusions 
were comparatively massive and 
angular in the steels containing at 
least 0.03 per cent aluminum or 
0.05 per cent zirconium. This dis- 
tribution was classified as Type III, 
and steels with inclusions of this type 
generally had good ductility. 
Eutectic or chain Type II sul- 


phides were found in steels contain- 
ing small amounts of aluminum, 
zirconium, or titanium, and when 
present, showed embrittlement in 
both tensile and notched-bar tests. 
These three elements act similarly 
in that sufficiently small additioas 
which are largely oxidized will give 
Type I sulphides, while slightly 
larger additions form the Type II. 
Zirconium, like aluminum, forms 





Table 2 
CoMPOSITION OF EXPERIMENTAL CAST STEELS TESTED 





Casting 
No. Cc Mn Si 


0.27 0.62 0.33 
0.31 066 0.38 
0.31 1.55 0.42 
0.31 1.56 0.42 
0.29 149 0.42 
0.32 1.30 0.39 
0.30 141 0.35 
0.31 151 0.44 
0.30 1.59 0.60 
0.31 142 0.33 
0.27 1.37 0.42 
0.28 1.29 0.39 
0.32 1.45 0.40 
0.28 0.65 0.38 
0.30 068 0.36 
0.32 065 0.33 
0.16 1.00 0.97 
0.19 089 0.81 


0.026 
0.033 
0.036 
0.039 
0.037 


UIMNDAQNOHKHCOMDUIDRSCULWHe 


—Deoxidation Treatments— 





Caperenes, ai cent 


Deoxidant lb. per ton 
Si only 


Special Element 
0.053 Al 


0.011 / Al 
0.038 Al 
0.120 Al 
0.020 Ti 
0.070 Ti 
0.16 Ti 
0.053 Zr 
0.080 Zr 
0.110 V 


7 Cu 


1.5 
ee 
1.55 Cu, 0.02 Al 
1.6 
1.67 Cu, 0.03 Al 


the more massive Type III sulphides 
when added in excess, as in steel 
No. 9. 

The five commercial steels, which 
contained less than 0.01 per cent 
titanium, had globular Type I sul- 
phides similar to silicon-killed steels. 
The three laboratory steels (6, 7, 
18), on the other hand, containing 
0.02, 0.07, and 0.16 per cent ti- 
tanium, respectively, all had Type II 
chain or film sulphides. It was con- 
cluded, therefore, that the change 
from film sulphides to massive Type 
III sulphides is not produced by ex- 
cess of titanium. 

It appeared that the inclusions 





Table 3 
PROPORTIONS OF INGREDIENTS USED 
IN MoLp MIXTURES FOR ExPERI- 
MENTAL CASTINGS 


‘Mixture . 
Components Oil Sand Dry Sand 


Glass rock sand, lb 80.0 88.0 
Western bentonite, lb. 0.6 — 
Silica flour, Ib 

Corn flour, Ib 

WO MIE os asescdebecivocted 

Core oil, qt 

Fire clay, lb 
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Globular sulphides, Type I. Angular sulphides, Type Ill. 
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Eutectic or film sulphides, Type II. Eutectic or film sulphides, Type II. 





Fig. 3—Characteristic occurrence of sulphide inclusions in cast steels, classified in three 
types. Unetched. 1000X. 
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became increasingly finer and more 
continuous as the titanium content 
increased. The photomicrograph in 
Fig. 4 shows the sulphide distribu- 
tion in the steel with 0.16 per cent 
titanium. These inclusions were ex- 
tremely fine and were light tan or 
pink in color instead of the usual 
dove-gray sulphides high in manga- 
nese. 

The belief that the change in 
shape and color indicated that 
they were titanium sulphides was 
strengthened when evolution analy- 
ses gave sulphur values about half 
of those for other steels made with 
the same melting practice. As would 
be expected from the inclusion dis- 
tribution, this steel was brittle in 
mechanical tests. The low-carbon 
ferrotitanium used in making the 
laboratory steels contained about 8.6 
per cent aluminum, so this steel (No. 
°18) probably had an appreciable 
residual aluminum content. 

In addition to sulphides, the steels 
contained other inclusions distinctive 
of their finishing treatments. All of 
the silicon-killed steels, including 
those treated with calcium com- 
pounds, contained impure silicates. 
All of the calcium-treated steels had 
“eyes” or dark spots in the globular 
sulphides, which seems to be a char- 
acteristic effect of this element. The 
appearance of such sulphides is il- 
lustrated by the photomicrograph in 
Fig. 4. 


Inclusion Types 

Aluminum-killed steels contained 
some small alumina inclusions. The 
heats deoxidized with zirconium con- 
tained random clusters of zirconium 
silicates, as shown in Fig. 4. The 
zirconium steels were the dirtiest of 
the steels studied. 


Induction furnace steels contained 
more inclusions than the commercial 
materials, probably because of the 
high-oxygen content of the charge. 
Steels 1261 and 1739 had more in- 
clusions than the other manganese- 
molybdenum commercial steels. One 
of these open hearth steels was de- 
oxidized with titanium and the other 
with a_ calcium-manganese-silicon 
alloy. 

All of the steels were examined 
carefully in the etched condition at 
various magnifications. The micro- 
structures of representative steels are 
shown in Figs. 5 and 6. Little differ- 
ence existed in the amount of frec 
ferrite or the degree of spheroidiza- 
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tion of similar steels receiving the 
same quench and draw treatment. 

Some of the steels had a more 
pronounced pattern or network 
caused by segregation of manganese, 
but this had no discernible effect on 
the properties.. The photomicro- 
graphs for the normalized and drawn 
condition show that the two best 
medium-manganese steels had a finer 
actual grain size than the others. 
Both steels contained appreciable 
amounts of residual aluminum. 

Titanium steels were equally fine 
grained but had inferior ductility 
and toughness because of the Type 
II inclusion distribution. No con- 
sistent differences were found be- 
tween the microstructures of the 
steels which were embrittled at low 
temperatures and those which were 
relatively unaffected. 

Tensile Tests. Tensile tests were 
made on the induction furnace steels 
in the normalized and drawn, and 
the quenched and tempered condi- 


tions. The same heat treatments 
were also used for the notched-bar — 
samples. Identical heat treatments — 
were used on steels of the same 
grade in order to conserve stock and — 
time. 

It is realized that the heat treat- 
ments were not ideal for all] steels, 
and the comparisons may be unfair 
to certain steels which received un- 
favorable heat treatments. The data — 
given in Table 5, obtained on speci- | 
mens taken from the top of the 1%- 
in. plates, show that the steels had 
normal properties for their grade 
and heat treatment. 

Grade “B” steels and those with — 
1.55 per cent nickel or copper had 
lower strengths than the medium- 
manganese steels in the conditions 
tested. The copper-manganese-sili- 
con steels were tested at somewhat 
higher strengths than the other steels, 
but gave good elongation and re- 
duction in area values. 

Ordinarily the steels gave better 





Table 4 
HARDENABILITY DATA FOR EXPERIMENTAL CAST STEELS 


Diameter, 


————End-Quench Test Data 
Ideal Rockwell ‘‘C’’? Hardness at 
4 Indicated, in. 


in. Surface Ys iy yy ¥% % 





Distances 


0.80 Ss 8 FF 8S NH aaa 
0.83 Ss & ws -% 9 —] 


49 48 47 44 38 22] 


1.74 

1.54 49 48 46 38 29 18 
1.36 6 4) 6 2D BD Be 
1.63 49 48 48 41 33 21 
1.13 Oo @ 2 BR Bw 
1.32 6 4 «4 3S a7 
1.64 So 48 4 32. 23: 
1.45 8 47 & ® BB ee 
1.35 48 48 47 #42 2° 
1.53 48 48 46 34 25 20] 
1.65 


oo © & $8 Fe 


1.40 6s &© © 2B FT Se 
1.47 6 8 @© 2 ‘oe 
1.35 o® @ SS 7 - ae 


1.61 4‘ @. &@.&@ Boo 
1.65 4 3 Oo UA ee 


2.82 
2.60 
2.58 
2.23 
2.22 
2.58 
2.28 
2.52 
2.74 
2.28 


| Hardenabilities calculated ac- 
cording to Grossmann’s method’ 


Special 
ASTM ement 
Sample Carbon, Grain or 
No. per cent Size* Deoxidizer 
GravE “B” STEELS 
1 0.27 6 Si 
2 0.31 7 +Al 
MeEpIUM-MANGANESE STEELS 
3 0.31 5 Si 
4 0.31 | Al 
| 0.29 9 Al 
19 0.32 9 Al 
6 0.30 9 Ti 
7 0.31 8 Ti 
18 0.30 9 73 
8 0.31 6 Zr 
9 0.27 6 Zr 
10 0.32 7 V 
11 0.33 5 (Ca) 
1.55 PER CENT NICKEL OR CopPER STEELS 
12 0.28 6 Ni+Si 
13 0.30 8 Ni+Al 
15 0.32 8 Cu+Al 
(SopPER-MANGANESESSILICON STEELS 
16 0.16 7 Si 
17 0.19 8 Al 
MANGANESE-MOLYBDENUM STEELS 
158 0.29 5 Ti 
9982 0.28 5 74 
131 0.29 5 Ti 
608 0.29 8 Al 
1141 0.31 9 Al 
536 0.29 8 Al+B 
252 0.27 8 Al 
1261 0.30 5 Ti 
1008 0.28 5 Ti 
1739 0.29 6 Si 
1092 0.32 6 Si 





2.25 


*ASTM grain size was determined for actual heat-treating schedule. 
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ductility values in the quenched and 
tempered condition than they did 
after the other heat treatment. 
There were no consistent differences 
in the tensile properties of the steels 
deoxidized with aluminum and those 
which had been silicon killed. 
Titanium-bearing steels (Nos. 6, 
7, 18) and the steel with 0.05 per 
cent zirconium had the _ poorest 
ductility of the experimental steels. 
The brittleness of the titanium steels, 
which increased with increasing 
amounts of this element, is attribut- 
ed to the presence of intergranular 
sulphides. Zirconium steel (No. 8) 
had an inordinate oxide inclusion 
content which probably had a dele- 
terious effect. The aluminum-killed 






Fig. 4—Photomicro- 

graphs showing unusual 

inclusions found in three 

experimental steels. Un- 
etched. 


Top— Fine eutectic sul- 

phides in high-titanium 

(0.16 per cent Ti) steel. 
400X. 













Center—‘Bird’s eye” sul- 
phides in calcitum-treated 
steel. 5SO00X. 








Bottom — Clusters of zir- 
conium oxides and sili- 
cates (0.05 per cent Zr). 
1000X. 




























steel which contained film sulphides 
(No. 4) had the poorest ductility of 
the other steels. 


Data for the quenched and drawn 
samples show that the titanium and 
vanadium steels (Nos. 6, 7, 18, 10) 
had considerably higher yield 
strengths and slightly higher ulti- 
mate strengths than the other medi- 
um-manganese steels. The fact that 
a high yield strength-ultimate 
strength ratio was obtained with 
only 0.02 per cent titanium is some- 
what surprising. The high-yield ratio 
is attributed to a fine dispersion of 
titanium or vanadium carbides, be- 
cause aluminum-killed steels of simi- 
lar grain size had normal -yield- 
strength ratios. 





The fact that the higher ratios 
were not obtained in the normalized 
and drawn specimens shows that the 
effect varies with heat treatment 
‘Experience on wrought titanium 
steels* confirms this belief, and it 
appears that the effect is more pro- 
nounced with manganese contents 
of over one per cent. 

Notched-Bar Tests. Charpy 
notched-bar specimens were broken 
at temperatures between 75°F. and 
—100° F. to determine the suscepti- 
bility, of the different steels to low- 
temperature embrittlement. The 
samples were cooled 3° F. below the 
testing temperature in a bath of dry 
ice and acetone and held 20 min. 
before testing. 

Previous work indicated that this 
amount of supercooling compensated 
for the warming-up which occurred 
when the samples were transferred 
to the testing machine. Three or 
more bars were broken at each test 
temperature, and the reproducibility 
of the values was generally good. 
Test values are given in Tables 6, 
7, and 8 and, as would be expected, 
the tougher samples gave a little 
more scatter. 


Manganese-Molybdenum Steels 

Table 9 gives a comparison of the 
notched-bar values and other char- 
acteristics of the manganese-molyb- 
denum steels. The materials are 
listed in increasing order of embrit- 
tlement at low temperatures. The 
minimum values at various temper- 
atures were used, because they are 
the safest for comparison. 


The data show that the six steels 
which were made without alumi- 
num were similar in most respects, 
except for their low-temperature 
impact behavior. Three of them 
were the best, and three of them 
were the worst of the series when 
tested at —80°F. The steels were 
alike in being coarse grained and 
in the Type I distribution of the 
sulphide inclusions. 

All of the steels gave Charpy 
values in excess of 30 ft.-lb. in the 
room temperature tests. The data 
show that these steels varied some- 
what in hardenability, hardness, and 
grain-coarsening tendencies, but that 
none of the variations were consist- 
ently related to their behavior in 
notched-bar tests. 

The four aluminum-killed steels 
gave lower notched-bar values at 
room temperature than the other 
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Table 5 
MECHANICAL PROPERTIES OF HEAT TREATED EXPERIMENTAL CAST STEELS 


Average 
Hardness Vee-Notch Elongation 
Casting Heat* Deoxidizer, Rockwell Charpy Value, in 2 in., 
No. Treatment per cent “p" t. lb. per cent 
GrabveE “B” STEELS 
1 a Si only 71 30.0 33.0 
2 a 0.05 Al 78 34.0 25.0 
MeEpDIUM-MANGANESE STEELS 
3 b Si only 88 21.0 30.0 
4 b 0.01 Al 88 25.0 26.5 
5 b 0.04 Al 88 50.0 31.0 
19 b 0.15 Al 84 44.5 28.5 
6 b 0.02 Ti 89 24.5 26.5 
7 b 0.07 Ti 92 24.0 25.0 
18 b 0.16 Ti 84 12.5 18.8 
8 b 0.05 Zr 88 29.5 25.5 
9 b 0.08 Zr 80 23.0 25.0 
10 b 0.11 V 84 32.0 31.0 
11 b Ca treated 84 22.0 32.0 
1.55 PER CENT NICKEL OR CopPER STEELS 
12 b Si only 78 31.0 31.0 
13 b 0.04 Al 80 34.5 32.0 
15 b 0.02 Al 86 273 28.0 
CopPpER-MANGANESE-SILICON STEELS 
16 c Si only 92 15.5 27.0 
17 Cc 0.03 Al 93 29.0 25.0 
GraDE “B” STEELS 
1 d Si only 77 24.0 25.5 
2 d 0.05 Al 82 41.0 31.5 
MEDIUM-MANGANESE STEELS 
s e Si only 89 64.0 29.0 
4 € 0.01 Al 89 27.0 23.0 
5 e 0.04 Al 90 55.0 29.5 
19 e 0.15 Al 90 42.0 25.0 
6 e 0.02 Ti 91 26.0 23.5 
7 e 0.07 Ti 91 22.5 21.5 
18 e 0.16 Ti 90 9.5 20.5 
8 e 0.05 Zr 88 47.5 225 
9 e 0.08 Zr 89 42.0 27.0 
10 e 0.11 V 92 42.0 25.0 
11 e€ Ca treated 91 54.0 24.0 
1.55 PER CENT NICKEL OR CopPER STEELS 
12 e Si only 82 31.0 25.5 
13 e 0.04 Al 85 36.0 $1.5 
15 e 0.02 Al 88 34.0 30.0 
CoprpER-MANGANESESSILICON STEELS 
16 t Si only 98 23.0 23.0 
17 f 0.03 Al 96 38.0 23.0 


Reduction 
in Area, 
per cent 


47.8 
44.1 


55.1 
46.0 
57.3 
52.8 
44.9 


64.0 
46.6 
60.6 
55.0 
45.8 
37.3 
28.5 
37.3 
53.8 


60.1 


56.0 
50.6 


Yield 
Strength, 


(0.2% offset) 
pst. 


40,250 
47,500 


65,750 
65,500 
65,500 
59,000 
62,500 
66,000 
64,750 
60,750 
51,000 
55,000 
49,000 


48,500 
50,000 
62,000 


70,750 
78,250 


44,250 
57,750 


67,500 
66,750 
68,750 
65,750 
76,750 
77,500 
78,750 
67,500 
62,750 
74,500 
69,000 


51,250 
56,750 
63,250 


91,000 
85,750 


*Heat Treatment. All raw castings were heated 2 hr. at 1800° F. and air cooled before receiving treatments indicated as follows: 
.» water quench, tempered 2 hr. 1250° F., air cooled 


a. 1 hr. at 1625° F., air cooled, tempered 2 hr. 1200 


b. 1 hr. at 1575° F., air cooled, tempered 2 hr. 1200° F., 


°F. air cooled. 
air cooled. 


hr. at 1625° 
e. 1 br. at 1575° f., 


c. 1 hr. at 1600° F., air cooled, tempered 2 hr. 1000° F., air cooled. f. 1 hr. at 1600° F., 


water quench, tempered 2 hr. 1250° F., 
water quench, tempered 2 hr. 1000° F., air cooled. 


Ultimate 
Tensile 
Strength, 
pst. 


70,500 
75,750 


92,500 
93,250 
91,750 
87,750 
94,750 
96,000 
87,500 
93,000 
80,000 
84,500 
87,000 


78,000 
77,000 
82,250 


93,250 
96,500 


71,750 
79,000 


90,500 
88,750 
88,750 
87,250 
92,250 
93,750 
92.000 
90,750 
87,500 
94,250 
92,500 


78,000 
82,500 
85,000 


118,250 
103,500 


air cooled. 





Table 6 


KEYHOLE Notcu CuHarpy IMPACT VALUES OBTAINED ON TEN MANGANESE-MOLYBDENUM STEELS 
IN THE QUENCHED AND TEMPERED CONDITION, AT TEMPERATURES BETWEEN 75° AND —80° F. 

















Testing 
Temperature, Steel Heat No. 
7; 158 9982 131 608 1141 536 252 1261 1008 1739 
r Charpy Impact Value, ft.-lb. —— 
75 38,38 41,39 33,32 29,28 28,2826 26,25,24,23 16,15 36,33 41,41,39,37 42,40 
32 40, 38 40, 38 34, 32 26, 25 29, 27, 25 27, 26 16, 15 36, 33 40, 40 41, 40 
0 34,30 35, 33 32: 38 — 29, 28, 27 24, 24 135-435 — $7, 32 — 
—20 30, 30 34, 34 — 25, 24 23, 23, fe 26, 26, 26 — 34, 20 31, 25 34, 33 
— 30 33, 32 33, 28 34, 31 23, 23 — 26, 24,22,19 15,13 24, 24 34, 33 38, 33, 29 
—40 34,33 29,27 al ap 24,22,21 24,24, 20 ie 30, 29 31, 31 37, 7,5 
—50 34, 28 33, 30 30, 29 21, 20 — 25, 22 14, 14 ~- 31, 28, 25, 6 — 
—60 30, 27 26, 23 — 21,19 25, 23, 21 22, 20, 17 — 30, 22 27, 26 32, 31, 28, 18 
—70 28, 28 24, 24 27, 24 19, 16 ~ 20, 13,42 — 25, 22 $0, 25. 3,3 34, 30 
—80 27,26 27,24 26,24 19,18  20,19,19 19,19,18 14,12  23,5,4 30,22,16,11 16,6,6 
"Nore: Heat treatments were carried out on keel-block coupon 114x1'4x14 in. 
Heated 2 hr. at 1800° F., air cooled. 
Heated 2 hr. at 1600° F., water quenched. 
Heated 5 hr. at 1240° F., air cooled. 
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BH 5, 
“ 
re Nah, 


Ae 


Steel 1141 0.050 per cent Al Steel 1739 ie tarot 


Fig. 5—Microstructures of manganese-molyb denum steels (water quenched from 1600° F. 
and tempered at 1240°F.). Steels shown in column at left were not so badly em- 
brittled at low temperatures as those shown in column at right. Nital etch. 500X. 
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steels, but were not embrittled by 
temperatures down to —80°F. The 
fact that these fine-grained steels 
were inferior in notched-bar prop- 
erties to the others at temperatures 
above —40° F. is contrary to results 
obtained by some other investiga- 
tors*>»®, 

‘Aluminum additions were respon- 
sible for the finer grain size and re- 
sistance to grain growth exhibited by 
these steels. Except for the boron 
steel (No. 536), these materials had 
lower hardenability than the other 
group. Steel 252 was so embrittled 
by film sulphides that decreasing 
temperatures had practically no ef- 
fect on the Charpy values. 

The data showed that the low- 
temperature properties of a heat 
were not reflected consistently by any 
other property measured. The re- 
sults also indicated that different 


eet ee AT ee 


Ee i a a ale ee 


— 





Left—Water quenched 
1575° F., tempered 1250° F. 





Fig. 6—Microstructures of me- yr ra 


t - laa Pt 
dium-manganese steels. The LT ee ees nS See ae 
two steels at top in each group Steel 19 012 per eal 


were least susceptible, and 
those at the bottom were the 
most susceptible to low-tem- 
perature embrittlement of 11 
similar steels tested. Nital etch. 
Left—500X. Right—100X. 


Right — Normalized 1575° F., 
tempered 1200° F. 











melting methods or slight differ- 
ences in microstructures did not con- 
fer_any specific effects measured by 
notched-bar tests. 

All of the aluminum-killed steels 
had poorer room-temperature 
Charpy properties than the other 
steels but were quite resistant to 
embrittlement by low temperatures. 
Three of these steels were made in 
an electric furnace and the fourth 
was an open hearth steel. 

Standard keyhole-notch specimens 
were used in testing the commercial 
steels for comparison with results 
available on other steels of this 
grade. During this phase of the in- 
vestigation, some of the materials 
were also tested with other types of 
specimens. Figure 7 shows that tests 

<7 with standard and double-width  ! 
0.02 per cent Ti specimens led to the same conclu- Silicon killed 
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Table 7 


VeE-Notcu CuHarpy Impact VALUES OBTAINED ON 18 Cast STEELS TESTED IN THE 
NORMALIZED AND DRAWN CONDITION AT TEMPERATURES BETWEEN 75° AND —100° F. 
































Steel Heat r Testing Temperature, ° F. 
; No. Treatment* 75 32 oo ft —60 —80 —100 
H jen Charpy Impact Values, ft.-lb. 
| Grape “B” STEELs 
1 a 35,31, 29,28 20,17,17 8,8,6,5 6, 6, 5, 4 4, 3, 3,2 si Sa ae 
, 2 a 36, 34, 33,3219, 19, 16 12, 12,9 11, 11,8 7,7, 7,6 6, 5, 5,5 os sais 
| MEDIUM-MANGANESE STEELS 
3 b 23,20,19 13,12,12 * 6,5,4,3 3, 2,2 6, 2, 2 $31.1 ' aes 
4 b 25,25,25 16,15, 14 11, 10,9 7, 7,6 6, 5, 5,5 4,4, 3,3 4, 3,3 ae 
5 b 51,49,50  50,48,48  35,34,31  24,23,23 22,22,21,17 17,16,16 14, 14, 13,13 11,8 
19 b 50,47,36  31,27,22 23,22,19 22,1818  13,12,11 14,12,11,6 10,9,9,7 7, 6,6 
6 b 25, 25, 24,24 21,1817 15,14, 13 10, 9, 9 9,8, 7,7 7,5, 5,4 $,3,2 ms 
7 b 26,25,24,22 229291  16,15,15 12,11,11 8, 8, 7, 6 6, 6, 5, 4 ~ oad 
18 b Pe iete, 2) 14,10; 10 10, 9, 8,7 (ey aay Pa 5, 5,5, 4 5, 4, 4, 4 — — 
8 b  32,29,29,29 20,19,16 14,13,10,10 11,88 11,10,10,7 5,4,4,3 = seo 
9 b 24.22.9292 1313,12 37 6, 5,5 4, 3,3 3, 2,2 ne se 
10 b  38,38,34,30 23,22,22 16,12, 12 14, 11,8 8, 8,7 8, 8,5 4, 4,4 _ 
11 b  —- 23, 23, 23,21 +16, 15, 14 12,9, 8 9, 8,6 8,7,5 6,5,5 5, 4,4 oie 
| 1.55 per CENT NICKEL or Copper STEELS 
12 b  32,32,29,29 22,20,19 18,16,15,13 14,14,10,8 11,7,6,5 5, 5, 4,4 can _ 
13 b  37,37,32,28 25,25,24 16,17,16  16,12,12 11,10,10  12,12,10 6, 5, 4 -_ 
15 b 30,29, 25,24 17,17,16  12,12,10 10, 9, 8 7,7, 6 11,11,9/ | 4,3,3 — 
Copper-MANGANESE-SILICON STEELS 
16 c  17,14,14,13 12, 10,9 12, 7,6 8, 8, 6 5, 3,3 3, 2,2 _ das 
17 c 30, 30,27 22,1817 14,14,12 13,11,11 11, 10,9 8, 8,7 7, 6,4 4, 4,3 
*a. 1 hr. 1625° F. air cooled, tempered 2 hr. 1200° F., air cooled. 
*b. 1 hr. 1575° F., air cooled, tempered 2 hr. 1200° F., air cooled. 
*c. 1 hr. 1600° F., air cooled, tempered 2 hr. 1000° F., air cooled. 
Table 8 
VrEE-Notcu CuHarpy Impact VALUES OBTAINED ON 18 Cast STEELS TESTED IN THE 
NORMALIZED AND DRAWN CONDITION AT TEMPERATURES BETWEEN 75° AND —100° F. 
Steel Heat Testing Temperature, ° F. . 
No. Treatment 75 32 — —40) —60 —80 —100 
r Charpy Impact Values, ft.-lb. 
Grave “B” STEELS 
1 d 26,26,22,20 16,15,10 11,10,9,5,4 12,10,8,8  3,3,3,2 _ ene ate 
2 d 47,41, 39,39 24,23,23 16,15,14 14,13,11 11,11, 11 9,9, 8,7 6, 5,5, 4 4,4 
MeEpIuM-MANGANESE STEELS 
3 e 75,60,58 . 59,49,48 36,33,32  32,32,28 21,19,18,17 23,23, 20,16 20, 16, 12,11 14,9 
4 e 28,27,24 27,26,25 25,24,20,19 17,17,17  14,12,11  10,10,9,7 9,8,7,7 6, 4 
5 € 56,55,53  55,50,50 51,48,43,39 46,36,35 33,27,24 22,21, 20,20 18,18,16,15 13, 13,12 
19 e 51,46,29 44,29,25 41,33,30 25,23,19  23,22,22 21,19,14,13,1318,16,12,11 7, 7,7 
6 € 29,28,22 26,23,22 27,25,24,17 15,13,13  16,12,10,10 8,7,7,6 7,6, 6,4 5, 4,4 
7 e  29,22,20,19 27,21,18  17,17,17 24,23,13,13 11,10, 10 7,7, 7,6 6,5, 5,4 5, 4,4 
18 € 10,10,9,9,9  9,9,8 7, 7, 6,6 7, 6, 6,6 5, 5, 4, 4 5, 4,4 fest sng 
8 e  49,49,47,44 39,34,33  25,23,21 20,20,17 21, 16,14,13 17,16,16,14 11,11,11,6  11,7,6 
9 e 46,38,38  48,31,20 29,25,15 21,9, 8 6, 6, 6 18, 13, 4 12, 4,3 7,5, 2 
90 e  44,40,35,27 25,25,20 20,20,16 17,16,14 21, 14,14 11, 9,6 6, 5, 4 ane 
| 11 e 56, 53, 51 43, 41, 41 31, 30, 29 35, 37, 26 23,22: 21 255 20,15 18, 16, 12 11, 10,8 
| 4.55 per CENT NICKEL or Copper STEELS 
12 e 32, 32,30,30 22,22,21 20, 20, 18,16 19, 18,13,12 15,13, 12,8 13, 10, 10, 7 6, 4 — 
Bec AS e 36, 35,33 31,30,26 26,26,20 20,16,15 14, 13,13 12, 10,8 9, 8,7 9, 6, 6 
15 e 38, 34,30  36,34,34  21,20,20  17,17,15 16, 13,12 5, 4,4 11,9, 8 6, 5,4 
Copper-MANGANESE-SILICON STEELS 
16 f 25,21,21 16,15,15 12,12,11 13, 13, 12 11, 10,7 10, 8 9,7,7 7, 5,3 
17 f 38, 38 30, 26,23 20,20,19 16,14,12 14,14,11 14,12,11 11, 10, 9 10, 8, 8 
Heat TREATMENT 
d. 1 hr. 1625° F., water quench, tempered 2 hr. 1250° F., air cooled. 
; e. 1 hr. 1575° F., water quench, tempered 2 hr. 1250° F., air cooled. 
! f. 1 hr. 1600° F., water quench, tempered 2 hr. 1000° F., air cooled. 
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Table 9 





CoMPARISON OF THE LOW-TEMPERATURE NOoOTCHED-BAR PROPERTIES OF 
MANGANESE-MOLYBDENUM CasT STEELS WITH OTHER CHARACTERISTICS* 





Calculated 
Harden- Break in 
ability Impact vs. 
—Hardness—__ Residual Sulphide Austenite Ideal Minimum Charpy Values, Tempera- 
Heat Rockwell Deoxidizer, Inclusion ——Grain Size——.  Austenite Grain-Growth Diameter, _ - ft.-lb. . Other ture 
0. ““B” ~~ Brinell per cent Type 1600° F. 1750° F. Characteristics in. 75°F. 0°F. —40°F. —80°F. Values Curve 
158 94 202 0.008Ti I 5 1&5  Coarsegrainreadily 595 38 35 33 26 ###— None 
coarsened further. 
9982 96 212 0.008 Ti I 5 5 Coarse grain, notread- 2.60 a0 BS" ZEUS — None 
131 98 225 0.008 Ti I 5 5 ily coarsened further. 2.58 a 32 29 23 —_— None 
1092> 96 212 Si I 6 5 2.25 Se. we 28. 22 = None 
608. 91 189 0.033 Al III 8 7 : , . 2.23 26 24 = 21 16 a= None 
1141 97 219 0.050Al III 9 9 Fine grain, not readily 2.22 25 27 21 19 — None 
536° 96 212 0.089Al III 8 8 cnienaiia 258 23 23 20 18 a —70° F. 
252 98 225 0.002 Al II 8 7 2.28 15 15 14 11 — None 
1261 92 195 0.009 Ti I 2 1&5 Coarse grain readily y Be Ss 32 29 — —70° F. 
1008 96 212 0.007 Ti I 5 A coarsened further. 2.74 37. Se. 3 — —50°F. 
1739 92 195 Si I 6 1 er ae a a ae ee 





coarsened further. 


*All steels were of closely similar composition and were water quenched from 1600° F. and tempered at 1240° F. 
a. Tests made on standard keyhole-notch Charpy specimens. 
b. The keel blocks from this heat exhibited pinhole porosity. 


c. Steel 536 also contained boron. 





sions about the properties of steel 
No. 1008. 

Both types of samples showed a 
fairly uniform drop in test values 
between 32°F. and —20°F., and 
considerable scatter at lower tem- 
peratures. Although duplicate stand- 
ard specimens gave good checks at 
—30°F. and —40°F., a variation 
would have been encountered if 
more specimens had been tested. 

Plots in Fig. 8 give the data for 
keyhole and Vee-notched bars of 
steels Nos. 1092 and 1141. The 
values for the keyhole specimens de- 
creased uniformly from 30 ft.-lb. at 
room temperature to about 18 ft.- 
lb. at —80°F. The drop was about 
one-third of the room-temperature 
value for both steels. Values for the 
Vee-notch specimens started at a 
higher level for room temperature 
and decreased about one-half to the 
same level as the keyhole specimens 
at —80°F. These data also show 
that neither steel was temper brittle 
when heat treated as a keel block 
1% in. square. 

Tests were also made on two 
wrought steels to determine the ef- 
fect of specimen dimensions on 
notched-bar properties. These steels 
were similar to cast steels in com- 


that the keyhole-notched specimens 
gave reasonable agreement in all 
cases, and the Vee-notched samples 
of the carbon steel also gave good 
checks. Data for all types of speci- 
mens show that the toughness of 
both steels decreased gradually with 
decreasing temperature and that the 
carbon steel was inferior to the other 
material. The great variation in 
values for Vee-notched bars of the 
manganese-molybdenum steel may 
indicate that it is more sensitive to 
unintentional variations in speci- 
men or test conditions. 


Specimen Shapes 


Work on specimens of different 
shapes indicated that tests with 
either of the standard-width Charpy 
specimens would give the same in- 
formation concerning low-tempera- 
ture embrittlement. In most of the 
tests, the Vee-notched bars gave 
higher test values at room tempera- 


ture than keyhole specimens, and 
equally small values for brittle frac- 
ture. 

It was concluded, therefore, that 
the Vee-notched specimens were 
preferable, because they gave a wider 
range in values. It seemed desirable 
to test a larger number of specimens 
when studying the laboratory steels 
because of the likelihood of encoun- 
tering greater scatter with the Vee- 
notched specimens. 

Table 11 gives a comparison of 
the minimum Charpy values of the 
laboratory steels and lists the other 
characteristics of the materials. The 
steels are grouped on the basis of 
chemical composition instead of re- 
sistance to embrittlement because 
several grades are represented. 

None of the laboratory steels was 
as tough at low temperatures as the 
commercial steels containing molyb- 
denum. However, the room-temper- 
ature values were normal for the 





Table 10 


MECHANICAL PROPERTIES AND COMPOSITION OF Two WrouGHT 
STEELS USED For Stupy oF EFFECT OF SPECIMEN SHAPE ON 
Cuarpy NotTcHEeD-BAR VALUES 


Mechanical Properties* 











ps8 Ultimate Yield Strength, Elongation 
position but were forged and rolled Stee Strength, psi. in Fin, Brinell Composition, per cent———~ 
to Mada hnge fox convenience in No. pst. (0.2% offset) percent Hardness Cc Mn Mo Si AY 
; = P 7 10490 93,000 74,250 27.5 185 0.28 0.90 0.30 0.35 0.035 
obtaining a large number of speci- —19491 78,000 47,750 —-36.0 158 0.27 0.67 — 0.40 0.037 


mens. The compositions, heat treat- 
ment, and tensile properties of the 
two materials are given in Table 
10. The data in Figs. 9 and 10 show 
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cimens. 


*Values are average of two tests on 2.00x0.500x0.500-in. gage-length s 
5 hr. at 1240° F., and air 


a 10490 was heated 2 hr. at 1600° F., water quenched, temper 
cooled. 
Steel 10491 was heated 2 hr. at 1650° F., and air cooled. 
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Table 11 
COMPARISON OF THE Low-TEMPERATURE NOTCHED-BAR PROPERTIES OF 
Various EXPERIMENTAL STEELS MADE WITH DIFFERENT DEOXIDATION 
PRACTICE AND TESTED IN Two ConpbITIONS oF HEAT TREATMENT 








Harden- —Minimum ne Values, ft.-lb.— 
; ability Quenched Normalized 
Hardness, Residual Sulphide Austenite ; : Ideal and Drawn, and Drawn, 
Casting Rockwell ‘‘B”’ Deoxidizer, Inclusion Grain Size——__— Austenite Grain-Growth Diameter, POR:  ———- 
No. N.,D. :Q.,D.* per cent Type 1600° F. 1750° F. Characteristics in. 75 0 —40 —80 75 0 —40—8 
Grave “B” STEELS 
1 71 77 Si I 7 2 Fine, readily coarsened. 0.80 oo € £— BW & 2 - 


Fine, less readily 


2 78 82 0.053 Al III 7 0.83 i ae ee ee et a co 


coarsened. 
MeEpIuM-MANGANESE STEELS 
3 88 89 Si "aie 4 Coarse, readily 174 58 3217 11 19 3 2 1 
coarsened. 
4 88 89 0.011 Al II 7 6 1.54 24 19 11 7 25 9 5 3 
5 88 90 0.038 Al III 9 8 1.36 oo.. 39 24 15 45 31 17 13 
19 84 90 0.150 Al III 9 8-5 Fine, resistant to 1.63 Zo. 30. 23 11 36 19 11 7 
6 89 91 0.020 Ti II 9 8 coarsening. tAS oe F716. 4 24 13 : 
ae 92 91 0.070 Ti II 8 8 VN 1S. 17 10 4 Ze AD 6 - 
18 84 90 0.160 Ti II 9 9 1.64 9 6 4s i a 4 - 
8 88 88 0.053 Zr III 6 4 , ‘ 1.45 44 21 13 6 29 10 7 - 
9 80 89 0.080Zr Ill 6 eee re ee i as se tl KH 
10 84 92.. O.1¢ V I 7 3-4 Fine, readily coarsened. 1.53 27 16 14 4 ta 4 
11 84 91 Gaadded I 5 3 “Coe 165 51 29 21 12 21 8 5 
coarsened. 
1.55 PER CENT NICKEL oR Copper STEELS 
12 78 82 Si I 6 $ Fine, readily coarsened. 1.40 30 166 8 «(64 28 13 5 — 
13 80 85 0.04 Al III 8 7 Fine, resistant to 1.47 7 2 1 7 24 16 10 4 
15 86 88 0.02 Al III 8 7 coarsening. 1.35 30 20 12 8 24 10 6 3 
PRECIPITATION HARDENED, CopPER-MANGANESE-SILICON STEELS 
16 92 98 Si I 7 3-4 Fine, readily coarsened. 1.61 i) ioe A 13 6 3 — 
7-93 86 o02A1 IW ~s8 g Fine, resistant to 165 38 19 11 9 27 12 9 4 


coarsening. 
Note: Tests made on standard vee-notch Charpy specimens. 
-—Normalized and drawn. 
*O” D. —Quenched and drawn. 








different grades and comparable to 
results obtained on _ keel-block 
samples. - 
Quenching usually produced bet- ™ ° es ” 
ter notched-bar properties at room 
temperature than the normalizing ° “79° DOUBLE WIDTH SPECIMENS 
treatment. The superiority of the ™ 
quenched and drawn samples was 
more pronounced at lower testing 6 raw 
temperatures. The aluminum-treated 
steels usually were tougher at low 
temperatures than their silicon-killed 





























‘ oa 2 
comparison _ steels, although they 7 ss — _ 
were not always superior at room Pe Panes WIDTH SPECIMENS 
temperature. 8 Pe. — 2s | 
Aluminum-killed steels Nos. 5 and ” a aa ; 





19 were almost as good in the nor- 
malized and drawn condition as they 


CHARPY IMPACT STRENGTH-FT. LBS. 


-— wi HEAT 1008 
7 ’ ( ACID OPEN HEARTH) 


DEOX. 2LB./TON — TITANIUM 












































were as quenched and drawn. These ” | 

two medium-manganese steels had ‘ee HEAT TREATMENT: 

the best low-temperature properties eh 0 fen ato gene 

of all the laboratory steels. Steel No. se 2HR.-I240°F AC. 

4 with a smaller residual aluminum ili ern 
content was poorer, because it was sith Ailing | = 7 
embrittled by film sulphides. The eS 8a ~e0 40 —_—- is 20 40 60 80 


silicon-killed steels Nos. 3 and 11 


: T TEMPERATURE ~DEG. F 
were tough at low temperatures in ig 


the quenched and drawn condition Fig. 7—Low-temperature notched-bar impact strength (Charpy keyhole 


but brittle as normalized and drawn. single and double width specimens.) 
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Fig. 10 (right) — Low-temperature 

notched bar properties of a quenched 

and tempered manganese-molybde- 
num rolled steel. 


This behavior may have been re- 
lated to their greater hardenability, 
but none of the other data indicated 
any relationship between this factor 
and low-temperature notched-bar 
properties. The effect of heat treat- 
ment on the toughness of zirconium 
steel No. 8 was similar to that on 
the silicon-killed steels, although it 
did not have a high hardenability. 

Notched-bar properties of the 
steels with 1.55 per cent nickel or 
copper were not so good as those 
of the better medium-manganese 
steels. In the quenched and drawn 
condition, the copper steel was as re- 
sistant to low-temperature embrittle- 
ment as the nickel steel and nearly 
as good when normalized and drawn. 

Precipitation-hardened steel deoxi- 
dized with aluminum (No. 17) had 
Charpy properties equivalent to the 
nickel steels, although it had a much 
higher tensile strength. The Grade 
“B” steels were the poorest of the 
materials tested. 

Fractures of Notched-Bar Speci- 
mens. When notched bar impact 
specimens break with a completely 
brittle fracture, they show no defor- 


mation, and the fracture surfaces 


often have a crystalline texture. 
Tough specimens undergo. consider- 
able plastic deformation before rup- 
ture and often show a fibrous frac- 
ture. 

Fractures with a crystalline area 
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Fig. 9 (above )—Low-temperature notched-bar properties of a normalized, 
medium-carbon rolled steel. 


in the center surrounded by mate- 
rial which deformed before rupture 
are often observed in the so-called 
transition zone between ductile and 
brittle fracture’. These facts have 
led some investigators to conclude 
that the appearance of the fracture 
is as important as the energy values 
in interpreting the results of notched- 
bar impact tests. 

In this investigation, the appear- 
ance of fractures of the test bars was 
noted, and photographs were taken 


Fig. 8—Low-temperature notched- 
bar properties of two manganese- 
molybdenum cast steels in the 
quenched and tempered condition. 
Solid points represent bars furnace 
cooled from 1240°F. draw; open 
points represent air-cooled samples. 
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Fig. 11—Appearance of notched-bar fractures for different kinds of specimens from 4 
rolled manganese-molybdenum steel (10490) in the quenched and tempered condition. 
Actual size. 
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Fig, 12—Appearance of notched-bar fractures for different kinds of specimens from a 
rolled manganese-molybdenum steel (10490) quenched and tempered. Actual size. 
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rupture occurred with no deforma- 
tion varied wtih the specimen shape 
The temperature of completel, 
brittle failure varied from 0° to 
—60°F. for this steel, depending 
upon the shape of the specimen. 


Table 12 
HicHest TEMPERATURES AT WuicH NotcHep-Bar FRACTURES 
SHOWED CRYSTALLINE TEXTURES OR No APPRECIABLE DEFORMA- 
TION AND THE CORRESPONDING CHARPY VALUES 














Steel and r 50H he mms ~ Fe rn F igur e 13 shows that the crystal- 
T; * T. °F lb T °F -lb : : 
— pit te ag ee. ae. ee teats line fracture appeared in steel No. 
STANDARD CHarPy KEYHOLE SPECIMENS 1008 at O°F. in the double-width 
isa a 29 a specimens and at —10°F. in the 
12619 —30 24|Deformed at —80 20 pyr gi tageaee ee oA 
10490Q —40 93 20 all of the specimens showed some 
2520 —80 12 12 deformation in tests at —80° F. 
1008Q —10 32 No deformation at —-70 3 Data in Table 12 summarize the 
aenolN +75 a0 ‘Noe deformation at 60 $ observations on the temperatures at 
STANDARD Cuarpy VEE-Notcu SPECIMENS which crystalline patches, and com- 
5Q —20 35 Deformed at —100 12 letely brittle f fi 
5A +32 48 No deformation at —100 8 ages Pe " aca mgeNt . appeared 
110 90 26 12 . notc ed-bar ees on die steels. 
t is apparent that c i - 
seiton Fe “ ne aqeeneien st BO : tures Bi found in ane cach 
3Q — 20 28 11 gave widely different test values. 
13Q pe Temperatures at which the crys- 
10Q talline patches appeared in a steel 
or ai ve eyes. regeguue tiemitind : bore no relationship to the tempera 
7Q —A0 10 6 - 
4Q 0 19) 7 ture at which the steel failed with- 
17Q +75 38 11 out appreciable deformation. The 
or — No deformation at —40 - data also show that all of the samples 
as hich broke without appreciable 
9 +75 38 6 pee PP 
“rs 30 8) 11 plastic deformation, gave test values 
15A +75 24 8 of 12 ft.-lb. or less. It is believed 
2Q —20 11 11 that much of the energy required 
Liste st Ba ; for rupture of the specimens which 
17A __90 11 11 broke with a brittle fracture was ab- 
6A —920 "Ol Me delacination at —20 9 sorbed by elastic deformation and in 
8A +75 29 8 knocking the pieces from the anvil. 
10A +75 30 8 ¢ 
11A +75 21 6 Conclusions 
4A 0 9 6 1. Susceptibility to low-tempera- 
= en . : ture embrittlement of steels of the 
16A +75 13]. 11 same grade was not consistently re- 
1A +75 28$No deformation at 0 5 lated to differences in melting prac- 
1W +75 20 4 tice, deoxidation treatment, inclu- 
DousLe-WwTH KEYHOLE SPECIMENS sion distribution, grain size, or grain- 
10490Q —60 55 Deformed at —80 44 growth characteristics. The slight 
1008Q 0 62 No deformation at —60 5.5 variations found in hardenability and 
10491N +75 51 No deformation at —20 7 microstructure of similar steels were 
DousLe-WiptH VeE-NotcH SPECIMENS ; without apparent effect on the 
10490Q —20 60 Deformed at —80 41 notched-bar properties. 
10491N +h 36 No deformation at 0 8 2. Relative resistance of various 





steels to low-temperature embrittle- 
ment bore no relationship to their 
room-temperature tensile or notched- 
bar properties. 

’ 3. Quenching usually developed 


*Heat Treatment. ©Q-—Quenched and tempered; A—Normalized and tempered; N—Normalized. 





for record purposes. The photo- ard Vee-notch specimens, which 





graphs in Figs. 11 and 12 show the 
appearance of the fractures of two 
steels which were tested at various 
temperatures with six kinds of speci- 
mens. 

Figure 10 shows that the crystal- 
line texture appeared at 32°, —20°, 
—40°, and —60°F., depending 
upon the shape of the specimen, al- 
though all samples deformed consid- 
érably at —80°F., the lowest test 
temperature employed. The stand- 
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showed a crystalline area at 32°F., 
deformed considerably more at 
—80° F. than the double-width Vee- 
notched and the 5 mm. Vee-notched 
bars which did not show the crystal- 
line fractures at temperatures above 
ae! at 

Fracture appearance of another 
steel is shown in Fig. 12. All six 
types of specimens gave crystalline 
fractures at room temperature, al- 
though the temperature at which 


better notched-bar properties than 
normalizing before drawing to the 
same strength level. The aluminum- 
killed steels, which were tough as 
normalized, did not evidence this 
response to heat treatment. 

4. Fine-grained steels often gave 
poorer Charpy values at room tem- 
perature than coarse-grained steels. 

5. In general, the aluminum- 
killed steels showed less embrittle- 
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Fig. 13—Appearance of fractures of notched-bar 
at various temperatures. 
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ment by low temperatures than simi- 
lar materials deoxidized with other 
elements. 

6. Film sulphide, Type II, inclu- 
sions produced poor ductility and 
Charpy properties at room tempera- 
ture, but the embrittlement was less 
noticeable at low temperatures. 

7. Steels containing less than 0.01 
per cent titanium had globular Type 
I sulphides; those containing 0.02, 
0.07, and 0.16 per cent titanium con- 
tained chain or film Type II sul- 
phide inclusions. The undesirable 
eutectic sulphides persisted in steels 
containing much higher titanium 
contents than those usually em- 
ployed. It appears, therefore, that 
the action of excess titanium on sul- 
phide distribution is different than 
the action of aluminum of zirco- 
nium. 

8. In the steels studied, copper 
seemed to be as beneficial as nickel 
in conferring resistance to low-tem- 
perature embrittlement. The results 
on medium-manganese and Grade 
“B” steels suggested that manganese 
also improved low-temperature 
toughness. 

9. Porosity encountered in some 
castings was attributed to gases 
picked up from core-sand molds. 
Higher manganese contents, or addi- 
tions of strong deoxidizers were suf- 
_ ficient to prevent the center-line gas 


porosity. 
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Instrument Show Offers 
Measurement Courses 


ARRANGEMENTS UNDERWAY for the 
first National Instrument Conference 
and Exhibit, sponsored by the In- 
strument Society of America, Pitts- 
burgh, at the William Penn Hotel, 
of that city, Sept. 16-20, include 
plans for short courses at Carnegie 
Institute of Technology, Pittsburgh, 
according to announcement of Rich- 
ard Rimbach, executive secretary of 
the society. 

Courses, which will be under the 
direction of Dr. B. R. Teare, Jr., 
head of the school’s electrical engi- 
neering department, will consist of 
five two-hour sessions. Subjects are: 
industrial instruments, machine shop 
measurement, optical measurement 
and electrical measurement. 


Woman Awarded 
A.F.A. Veteran's Pin 


Miss Etta Mosss, for more 
than half a century a Stenographer 
(she has always preferred a capital 
“S”) in the office of Griswold 
Manufacturing Co., Erie, Pa., has 
been presented with a 50-Year Pin 
by A.F.A. Secretary-Emeritus R. E. 
Kennedy. 

When the first cast aluminum 
teakettles ever produced were de- 
livered to the office of the late 
Matthew Griswold, Sr., president of 





Etta Moses 


the Griswold company, in the early 
’90’s, Miss Moses boiled water in 
one of them in a demonstration, 
thus participating in the activities 
through which the firm entered the 
aluminum casting field. 

A model of this teakettle was in- 
cluded among the exhibits at the 
recent Erie Foundry Exhibit, and 
Miss Moses and Mr. Griswold, Sr., 
were portrayed in the technicolor 
sound motion picture, “Unfinished 
Rainbows,” presented at the Erie 
Foundry Exhibit. 





Richard Rimbach (extreme right, front row), secretary, Instrument Socicty 

of America, meets with other members of local committee in charge to com- 

plete arrangements for “Instrumentation for Tomorrow” conference and 
exhibit to be held Sept. 16-20, at William Penn Hotel, Pittsburgh, Pa. 
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In 1642, just 22 years after 
the Pilgrims had landed, a foundry 
was established on the banks of the 
Saugus River in New England and 
the first American-made castings 
were poured. The process then, be- 
fore the invention of the cupola, was 
to pour the iron directly from the 
furnaces as it was reduced from the 
ore, with but little regard for on 
knowledge of the metallurgy in- 
volved. One of those early castings 
was a small tea kettle, which was 
exhibited at the World’s Exposition 
in 1893 at Chicago to symbolize the 
immense foundry industry that since 
has become such a vital and basic 
element of our industrial economy. 


Man-Hour Production 


The total effort expended in mak- 
ing the small 2-lb. casting in those 
days of foundry pioneering, and the 
minute effort required per piece to 
produce in today’s production-line 
foundry is visible evidence of the so 
vastly increased production per man- 
hour that has taken place during 
the industrial growing years of our 
Nation. 

From the period 1870 to 1940 the 
population of our country had in- 
creased three times, the number of 
hours spent per day in working had 
been reduced by one-third, and yet 
our production was increased over 
20 times. This greatly accelerated in- 
crease in production has been the 
result of two dominant factors that 
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are found in all advances made by 
civilization. 

First, the increase due to tech- 
nological discoveries, advances in 
newly developed processes and in- 
ventions, material discoveries, etc.; 
and second, the stimulated develop- 
ment of the individual worker to 
utilize his endowed capabilities of 
ingenuity and coordination to pro- 
duce more with these newly devel- 
oped tools and techniques of produc- 
tion. 


Technological Factor 

The technological factor is em- 
bodied in the science of design and 
invention, and has been used since 
the earliest days of history when an 
ingenious cave man engineer used a 
log as a wheel to decrease effort and 
increase production. The factor of 
worker production is found in the 
science of management, and it has 
been only in comparatively recent 
years that a concerted effort was 
made to stimulate individual pro- 
duction by efficient and effective 
management of men and the ma- 
chines they operate. 

With the advent of World War II 
the production demands upon our 
foundries and allied industries, cou- 
pled with the critical labor shortages, 





» Application of proper 
wage incentives, to the 
end that increased produc- 
tion in the foundry will 
advance the industry and 
benefit all foundrymen, is 
one of the valuable lessons 
to be learned from recent 
wartime production experi- 
ence. 














sharply focused attention upon in- 
creased worker output and efficiency 
as the only logical answer to a diffi- 
cult production problem. The secrets 
of mass and efficient production, 
which had been thoroughly demon- 
strated in practice by Emerson and 
Taylor nearly 40 years earlier, were 
again called upon, for it was soon 
realized that only by increasing 
efficiency in production could we 
hope to deliver finished products at 
the accelerated tempo of production 
demands. 

Wage incentives were installed in 
foundries and other industries en- 
gaged in the war effort, and through 
the use of these incentive plans, and 
the cooperative effort of manage- 
ment and labor, it was possible to 
increase fourfold the monthly war 
production between December 1941 
and December 1944, and at the same 
time deplete the industries of the 
best source of labor to build our 
Army and Navy. It was one of the 
most effective and certainly the least 
dramatized factor in our production 
battle at home. 


Early Plans 


Profit Sharing. The history of the 
wage incentive plans that have been 
used in foundries begins with the 
profit sharing systems established in 
the 1880’s at the more progressive 
foundries and mills. Some evidence 
exists that these attempts at produc- 
tion increases were used earlier in 
the industry during the period of the 
territorial expansion into the West. 
Pillsbury Mills Foundries established . 
excellent labor relations reative to 
wage payment, and made an early 
effort to capture the inherent extra 
production that lay dormant in the 
foundryman working on the day rate 
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Incentives mean higher wages .. . 


by declaring a profit sharing plan in 
effect, whereby the worker would 
share in the earnings of the company 
and be thus stimulated to produce 
more. 


At a foundry in Dolgeville, N. Y., 
the profit sharing system in effect 
created favorable comment at the 
time and resulted, in 1892, in a 
profit sharing bonus of 16% per cent 
of the total wages earned that year. 
However, these seemingly ideal con- 
ditions were far from prevalent, and 
the plan was not generally adopted 
by foundrymen as the answer to the 
wage-production equation. 

This same type of plan has re- 
cently been advocated by a promi- 
nent member of the United States 
Chamber of Commerce as a solution 
to present day labor difficulties, al- 
though it is doubtful if this is based 
upon an incentive motive. However, 
it is to be noted that the profit shar- 
ing system in itself failed to create 
the immediate production stimulus 
of other incentive plans that were 
to follow, and was not received with 
enthusiasm by employers during this 
early period of development. 


Ten-Hour Day 


By far the majority of the foundries 
at the close of the century were pay- 
ing wages at a day rate to the em- 
ployee working 10 hours a day, and 
depended entirely upon the efforts of 
the foundry foreman to obtain a 
day’s production from the employee 
so that management would realize a 
profit from its investment in the 
foundry. 

The foreman then was the key 
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‘man on the floor and, as is often 





true in poorly managed foundries of 
today, was required to perform the 
multiple functions of hiring, disci- 
pline, instruction, scheduling, inspec- 
tion, planning, and ordering, with 
the inevitable result of having little 
or no time available for the proper 
function of maintaining maximum 
production and quality. Then, as 
now, the basic issue at hand was the 
question, “What constitutes a day’s 
work?” 

An answer that appeared in an 
early issue of a foundryman’s trade 
journal reflects the thinking of the 
times in matters of measured output 
per employee, but broadly 
speaking, when a man has worked 
hard and faithfully for a period of 
10 hours, applying his mind to the 
task at hand, with an honest inten- 
tion, he has done a fair day’s work.” 
The answer was vague and of little 
comfort to either the foundry man- 
agement or the molder, and yet the 
same condition can be found in 
many of our foundries the country 
over. 


Early Advances 

Piece Rates. The latent possibili- 
ties of labor production and labor 
efficiency, however, lay dormant in 
the minds of management and labor 
and was not to be stirred into ac- 
tivity until after the turn of the 
century. 

A small group of foundrymen, 
speaking some eight or nine years 
before their time in the industry, and 
touching upon the current teachings 
of Emerson and Taylor, lamented 
the fact that a poor worker was paid 
as much as a good one, and urged 
the molder’s unions to reconsider 
their policies and encourage the use 
of premiums and bonuses as a re- 
ward to the efficient molder. 

In a limited number of foundries 
by 1900 a successfully adopted piece 
rate system based upon sound engi- 
neering and management principles 
was installed and worked in a man- 
ner satisfactory to all concerned. 
However, the practice was unusual 
for the foundry industry at that date, 
but marks a step forward to the 


present day high production-low 


cost incentive plan. John Magee, a 
progressive and highly respected 
foundryman from Chelsea, Mass., in 
an early foundryman’s magazine of 
1904, wrote: 


“ .. It is first necessary to have a basis 





for prices that is beyond all dispute. This 
is secured by a contract, in duplicate, 
giving the molding price of each casting 
made, one copy signed by the moldev’s 
union and one by the firm. New work 
is priced before going into the shop. 
Wages are subject to a percentage in- 
crease or decrease in the case of a gen- 
eral change throughout the industry. The 
price may be changed by a new method 
or equipment change, subject to approval 
by both sides.” 


Good Faith Prevailed 

For that period of wage develop- 
ment in the foundry industry, the 
plan was excellently designed and 
leaned heavily upon the current in- 
dustrial management policies advo- 
cated by leaders in the field. It is 
evident that the absolute require- 
ment of good faith prevailed be- 
tween both members in the agree- 
ment, and that adequate employee 
education and preparation has been 
made before and during the opera- 
tion of the payment plan. 


That fundamental concept is one 
of the basic elements in the success- 
ful adoption of the modern wage 
incentive plan today and, to a large 
degree, is responsible for the smooth 
operation characteristic of the well 
engineered incentive plan. 


Labor Difficulties in Wage Plans. 
This basic honesty between labor and 
management, total fair play regard- 
ing wage rates and adjustments, was 
by no means prevalent during the 
190%s, and the workmen’s apprehen- 
sion and fear of premium and piece 
rate work was well founded in a 
number of instances, for the practice 
of rate cutting was common. 

An ambitious foundry manager, 
working with more energy than com- 
mon sense, would seize upon the first 
opportunity to cut manufacturing 
costs by reducing piece rates or low- 
ering the premium. The inevitable 
repercussions would follow. Incen- 
tive pay systems suffered from the 
lack of established standards in the 
foundry, and were ill thought of by 


. labor unions even though they often 


meant more pay for the employee. 

Prevailing fear of rate cutting and 
standards set too high, together with 
the objection to sharing the time 
saved with the company, resulted in 
a strike which was called early in 
1904 at a large Cleveland foundry. 
The plant announced that the em- 
ployees would be placed on a pre- 
mium system of payment in which 
they would share the time saved on 
a job on a 50-50 basis with the 
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company. The molders objected to 
the percentage of the time saved 
that they would receive, and stated 
that they were entitled to much 
more than 50 per cent. 


Reduced Overhead 


Need for pay beyond the 50 per 
cent point of time saved was recog- 
nized by Harrington Emerson before 
the turn of the century, when he 
advocated payment of labor for all 
of the time saved on a job and 
pointed out that management saved 
as much, or more, in reduced over- 
head expense. Where this plan of 
cooperation was followed, the plants 
operated smoothly and with mutual 
benefit to both partners of the pro- 
duction formula. 


A solution to the difficult problem 
had been found, but the lessons of 
scientific wage administration and 
management in foundries and allied 
industries were destined to be learned 
by labor and management only after 
bitter strife and defeat during the 
years that followed. 

Types of Incentive Plans Used. A 
brief description of the prevailing 
incentive plans for wage payment 
used in the industry from 1880 until 
World War I is indicative of the 
numerous and varied attempts to 
arrive at a satisfactory answer to the 
age-old problem of how to increase 
production of the individual worker 
and yet retain the peace and har- 
mony that is needed in every enter- 
prise for efficient production. 


Premium System. In its various 
forms, this system was used in all 
types of foundries and in all depart- 
ments, including the finishing room. 
The basic principle followed in all 
premium plans was to encourage the 
worker to perform a job in less time 
than the sometimes questionably 
established standard time allowed. 
The time saved was then distributed 
between the worker and the firm, 
usually on a 50-50 basis. 


It was, in a sense, a negative plan 
for it encouraged the worker to work 
more efficiently and then penalized 
him by deducting half of the extra 
earnings. If, for example, molders 
were paid at the customary rate of 
30c an hour and were allowed 10 
hours to make a mold, but by work- 
ing harder made it in 8 hours, the 
following benefits would be obtained: 


. and lower production costs. 
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Standard labor cost of mold: 
10 X 30c= $3.00 for 10 hours 


Actual labor cost: 8 X 30c= $2.40 
Plus 4 of time saved: 1X30c=  .30 
WORE PUIG ois cksussdistigicmciesdecee $2.70 


Hourly earnings of the worker are 
seen to have risen from 30c to 33.7c, 
and management has doubly bene- 
fited by a reduced labor charge for 
the mold in addition to the reduc- 
tion in overhead. This double benefit 
of management was the center point 
of wage difficulties of the past and 
present times. 

While this type of plan was suc- 
cessful in a limited number of in- 
stances, the poorly established stand- 
ards usually associated with the pre- 
mium plan, combined with the low 
rate of pay, soon generated discon- 
tent and other types of wage pay- 
ment plans were adopted. 


Higher Prices 

Differential Rate System. With this 
system, higher prices per piece were 
paid if the work was done in the 
shortest possible time without error. 
It was a plan that induced strong 
incentive for increased production, 
but usually failed to offer compensa- 
tion for faults beyond the molder’s 
control. It lacked the inherent stabil- 
ity and guarantee for base wages 
that the modern incentive plan 
offers, and was, in time, replaced by 
more suitable plans. Comparative 
earnings under the plan are as 
follows: 


No. of No.o Price Earnings Earnings 

Molds Molds Per er er 
Good Spoiled Mold Day Hour 
10 0 20c $2.00 20c 
15 2 22c 2.86 28.6c 


15 0 24c 3.60 36c 


Gain Sharing. This plan was based 
upon the distribution of the financial 
gain made in a department. The 
gain in lowered maintenance, for ex- 























ample, was distributed among the 
maintenance foreman and his men. 
The reduction in the operation of 
the coreroom would be distributed 
among the coreroom foreman and 
the coremakers. The gain usually 
was divided in accordance with 
wages earned and failed to establish 
an adequate incentive motive for 
higher production. 


Contract System. This system cen- 
tered about the man selected for 
accepting the contract. He hired his 
own men and conducted the business 
that he had contracted for to his 
own satisfaction in accordance with 
the contract. The application of the 
system in the foundry usually was in 
the machine shop and the finishing 
room, and did not find extensive use 
on the molding floor. 


Cooperative System. Under this 
system, prices were established much 
as in the other currently used plans 
but these rates were not used directly 
in paying. The foundryman worked 
instead, by the day, and from his 
wages and the number of pieces pro- 
duced was calculated the actual cost 
of the core, mold, or casting. The 
difference between the actual and 
estimated price was divided between 
employer and employee. The plan 
lacked the immediate personal in- 
centive that is needed for high pro- 
duction, and hence found applica- 
tion only in a limited number of 
foundries. 

Participation Plan. This plan 
divided the gain in the lowered cost 
of manufacturing among the fore- 
men in proportion to the payroll of 
each department. The foreman was 
then left to his own system of re- 
wards among his men. 


Profit Sharing Plan. Another form 
of the participation plan and among 








the first to be used in the industry, 
and is still being used with a ques- 
tionable degree of success. The profit 
sharing plans inherently lack the im- 
mediate incentive stimulus of the 
modern type of incentive plan, and 
have repeatedly failed in the effort 
to increase production by this means. 


Profit Sharing 


One of the basic fallacies in usmg 
profit sharing as a production in- 
centive is that the reward usually is 
made once or twice a year instead of 
immediately after the bonus work 
has been completed, hence losing the 
psychological benefit of immediate 
reward inherent in the modern, well 
adjusted incentive plan. If Junior 
knows that he will receive a quarter 
as soon as he finishes raking the 
leaves satisfactorily, he will be much 
more enthusiastic in his work than 
he will be if he knows that the quar- 
ter will be forthcoming at Christmas 
time. 

This fact has been recognized in 
the plan designed for today’s use, 
and the importance of the extra 
bonus is visibly presented to the 
worker in the form of an extra pay 
envelope of a different color. At each 
pay period he is thus reminded of 
the amount of extra pay he has 
earned because he was more efficient. 


If the plan is simple, as it should 
be, the worker figures his bonus at 
the end of each day and knows just 
how much he has been rewarded for 
his efforts of the day. It is an idea 
that has been thoroughly demon- 
strated. 

Wage Plans of Emerson, Taylor, 
Halsey, and Rowan were introduced 
toward the latter part of the last 
century and found numerous appli- 
cations in the foundry industry. 
Since time study and scientific rate 
setting was in its infancy, some of 
the early users favored a plan where- 
by estimated base rates could be used 
and yet provide an adequate incen- 
tive for production. The Rowan plan 
limited the earnings to below 200 
per cent so that the easily worked 
mis-rated jobs would not result in 
too much pay. 

Taylor stressed the importance of 
the exact location at which bonus 
would begin and set the standards 


of performance before bonus would . 


begin at a high rate. The plan was 
designed for the: repetitive process 
industry but was of little use in the 
jobbing foundry because of the exact 
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time standards at which bonus would 
begin. 

Halsey’s plan was a variation of 
the prevailing 50-50 premium plan 
with the guaranteed day wage in- 
corporated in the plan. It was used 
in a limited number of foundries 
after 1900, but the basic objections 
to the premium plan remained. 


The Emerson plan, using scientific 
time studied standards in a way that 
required but a few to be performed, 
was readily adaptable to the jobbing 
foundry and has since been adopted, 
in a modified form, in a number of 
foundries throughout the country. In 
the original Emerson plan of the 
1900 period, the bonus was begun 
gradually and was made larger as 
the molder produced more and, con- 
sequently, the inducement to produce 
still more was created within the 
worker. 


In direct contradiction to the pre- 
vailing plans being advocated, Mr. 
Emerson stressed the important fact 
that the worker was entitled to full 
hourly pay for the time saved, and 
that management would benefit 
equally as well from the reduced 
overhead as well as a reduced labor 
cost per piece. It was a long step 
forward in the solution of the wage- 
production problem. 


Wage Difficulties of the Expand- 
ing Industry. The various plans were 
each with their own merit in their 
field of application and served well 
to explore the employee-employer 
relationship which, by 1905-1908, 
was being thoroughly investigated by 
both management and labor. Then, 
as now, the equating factor was an 
increase in wages only for a corre- 
sponding increase in production. The 
population of the country had risen 
from 50 million in 1880 to 63 in 
1890, 76 in 1900, and was well on 
its way to 92 million by 1910. It 
was a time of national expansion 
and industrial growth, and the grow- 
ing pains of industry were evident. 


Labor Relations 


The turn of the century had shown 
the world America’s immense indus- 
trial growth, and, in like manner, 
brought forth the sharp and complex 
problems of labor relations that were 
upon us. The timely teachings of 
Harrington Emerson and Frederick 
Taylor focused the attention of in- 
dustrialists upon management from 
a scientific point of view. 


They held forth with the teach- 


ings then, 50 years ago, upon which 
our present day world leadership in 
production is based. They demon- 
strated with keen scientific analysis 
the prospects of operating plants in 
the most efficient manner, using time 
studies, standards of performance, 
production controls of material, men 
and machines. 


Emerson's Advocations 


Mr. Emerson advocated high wages 
and efficient production long before 
the time of Henry Ford, and delved 
into the prodigious and seemingly 
fantastic wasted efforts in men and 
materials of our industrial economy. 
His book, Efficiency, made its ap- 
pearance in 1908 and was among the 
first of those that were to appear 
on the subject of wasted effort in 
manufacture in both manpower and 
materials. 

In a lecture in 1908, before the 
American Foundrymen’s Association, 
he stressed facts which remain fun- 
damental truths of the foundry in- 
dustry today. 


“.. If, in the operation of a foundry, 
any dollars are spent needlessly, the loss 
is a foundry waste. Wastes of this kind 
are very common and easily overlooked. 
If a founder could forget for a few days 
all about iron and molding, and go 
through his own foundry with the same 
keen, alert, and awakened critical atten- 
tion that the stranger who is not a 
founder sometimes displays, he could add 
unexpectedly to his profits and pleasure 
in the business. We had occasion recently 
to compare two foundries in the Middle 
West, each ranking high in the industry. 
One foundry produced castings for $1.40 
per 100 pounds and the other $3.00 per 
100 pounds. The labor costs were found 
to be only one-third as much in one as 
in the other, not because the men did 
not work hard, but because in one they 
worked less efficiently than in the other. 
In one foundry only one man was re- 
quired per truck to charge the cupola, 
and in the other the prevailing arrange- 
ment required three men to do the same 
kind of work. In another foundry a piece 
rate system was installed. The men de- 
cided to curtail their output, some by 
working with fatiguing deliberateness, 
others would work fast for a while then 
dawdle or smoke to use up the remaining 
time. The plan used was not properly 
installed or administered and production 
costs rose instead of dropping. 

“Every worker naturally wants, and 
ought to have, the highest rate of pay 
which circumstances will permit him to 
exact. On a very large scale a solution 
of labor compensation has been tried and 
operates with complete success. The men 
receive, in any case, a standard day rate 
of pay. A standard of fair cost was placed 
on every item of output, the output being 
what a good man working without undue 
strain could deliver in a day. If the out- 
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put were reached during a monthly aver- 
age, the man was rated as 100 per cent 
and received a bonus. This was virtually 
a stipend for acting as his own foreman 
in maintaining maximum production. If 
the worker did better, all of the gain in 
time was his own. If he did less, he was 
still certain of his base pay. It is non- 
sense to pretend that in any plant the 
good man is not differentiated from the 
poor one, and since this is the case, it is 
absurd not to recognize the fact scien- 
tifically and fairly. The reward of effi- 
ciency merely gives to the worker that 
part to which he is entitled. He leaves 
to management the gains due to lessened 
equipment charges and overhead. With a 
system of this kind the net profits of a 
plant have increased several hundred per 
cent. 

“An old foundry which eliminates 
waste will often find itself able to com- 
pete successfully with the larger more 
modern foundries. It costs very little to 
eliminate most of the wastes that occur.”* 

Although these advanced methods 
and techniques in human engineer- 
ing and scientific industrial manage- 
ment had been evolved and thor- 
oughly demonstrated by the leaders 
in the field, the accepted practice in 
the foundry industry was to retain 
the day rate as the method of wage 
payment. The profit sharing plans 
were still being used with some ques- 
tionable measure of success. 

Opposition 

Opposition to profit sharing and 
the bonus system made the work of 
farsighted managers difficult. The 
general attitude of mistrust still pre- 
vailed and proves the fundamental 
concept in wage payment adminis- 
tration that honesty between labor 
and management must obtain if de- 
sired results are to be gained and 
retained. 

World War I Stimulus to Incen- 
tive Plans. With the advent of the 
first World War in Europe, the atti- 
tude of “preparedness” swept the 
country and was used in American 
industry as the word “emergency” 





*The author had occasion recently to 
visit an old and well-worn foundry and 
found that the statements mentioned in 
the 1908 talk are still true in every re- 
spect. The foundry could easily have 
been rehabilitated industrially and, with 
proper methods of operation and wage 
incentives for production, could have out- 
produced its competitors and been in ex- 
cellent condition for the post-war period 
of competitive production. This produc- 
tion change could have been made with- 
out purchasing new equipment but, in- 
stead, would have utilized existing equip- 
ment to its utmost efficiency. It is a 
well-known fact that many plants pro- 
ducing in 1946 are using methods of 
production and management that were 
eee in the progressive plants of 
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was used before our entry into 
World War II. Several papers were 
written and presented before the 
American Foundrymen’s Association 
discussing ways and methods of im- 
provement by using labor’s poten- 
tialities of increasing and newer 
techniques of production. 


Borrowing from the teachings of 
the early leaders, two foundrymen* 
from Urbana, IIl., designed a high 
production molder’s bench and dem- 
onstrated the merits of the invention 
at the 1914 A.F.A. Convention. The 
bench was designed to eliminate 
wasted motion and increase worker 
production. The flask was set at the 
proper height and in the correct 
relative location for working. 


Tools were within easy reach and 
eliminated many of the usual hunt- 
ing motions for the proper slick or 
lifter familiar to the foundryman. 
The strike-off bar was placed con- 
veniently in front of the flask, and 
the riddle was located in the most 
convenient place. 

The net result was to cut the time 
for making a mold from 5.34 to 3.83 
min., a reduction of 1.51 min., or 
28 per cent per flask. The important 
fact to note was that the molder was 
working more efficiently but not 
nearly as strenuously and produced, 
as a result of his more efficient work, 
39 per cent more in a given time. 

Many similar economies are pos- 
sible in the foundries of today merely 
by using motion studies in selecting 
the proper method to be used, and 
then utilizing a sound incentive sys- 
tem of pay to obtain maximum pro- 
duction with this proper method. 
This plan is being used repeatedly 
in the high production-low cost 
foundries throughout the country. 

One of the more difficult applica- 
tions of foundry incentive pay is in 
the cleaning and finishing room of a 
jobbing foundry where all types and 
sizes of castings are to be found. One 
of the earlier plans adopted by one 
of the more progressive foundries of 
1915 was based upon their own in- 
centive system which had been in 
operation in the molding department 
for several years. 

Labor in the cleaning room was 
foreign born and it was felt, with a 





*R. E. Kennedy and J. C. Pendleton, 
“Elimination of Waste Motion in Bench 
Molding,” TRANSACTIONS, American 
Foundrymen’s Association, vol. 23, pp. 
311-322 (1914). 





justifiable sense of apprehension, that 
the cleaning room force would react 
unfavorably toward the new incen- 
tive plan because they failed to un- 
derstand it. This is overcome in the 
modern incentive plan by proper 
employee education before and dur- 
ing the installation of the plan. 
However, in this plant, the reputa- 
tion of the highly paid molder had 
spread and the cleaning room force 
was willing and cooperative. 

Work was divided into the five 
classes of sawing, sand _ blasting, 
sledge work and cold cut, grinding, 
and air hammer work. The basis 
for setting rates was the logical one 
of weight for most of the work. Since 
standards times were to be estimated 
by the foreman quickly and without 
a scientific means, they were subject 
to considerable error. 


Premium Plan 


It was decided to add 100 per 
cent to the actual time estimated to 
perform the task, and this would 
serve as the standard time at which 
the man was to do the work. The 
worker would then receive 25 per 
cent of the extra time saved and 75 
per cent would go to the firm. It 
was the premium plan again, in a 
different form but with the same 
disadvantages of vulnerability to 
change in rates if the foreman de- 
cided to be economical and reduced 
the estimated standard times. 


Although the plan was not com- 
parable to the present day plan, it 
produced results and increased out- 
put to a limited extent. The change 
in attitude of workers is reflected by 
the fact that the men used sledges 
3 lb. heavier after the plan was in- 
stalled, whereas formerly it was 
necessary to discharge some laborers 
for grinding the sledges on an emery 
wheel. 

At the close of the first war the 
efforts of the foundry industry and 
labor to arrive at a satisfactory con- 
clusion for production were centered 
about the bonus system and piece 
work as the prevailing satisfactory 
answer. The record for premium 
plans in foundries had worked out 
quite decisively against them, and 
the efforts of profit sharing were 
found to lack the incentive motive 
when applied to large groups. 

Companies using incentive plans 
steadily increased in number and, 
where the plans were soundly engi- 
neered and administered, excellent 
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results were obtained. The incentive 
plan that was installed in a Western 
jobbing foundry employing 375 men 
is still being used after 22 years of 
profitable success. It is representa- 
tive of the success that a well engi- 
neered plan will render. 

Wage Changes During the De- 
pression, During the years immedi- 
ately following 1929, the entire 
wage structure of American industry 
underwent a tremendous change. 
Large labor organizations were 
formed in place of the smaller com- 
pany unions. Wages were increased 
and hours of work were reduced be- 
low the 1929 level, necessitating a 
large increase in production to off- 
set the effects of the change. 

Unfortunate publicity and confu- 
sion toward incentive plans resulted 
with the “speed-up” methods of the 
moving assembly line. Gang incen- 
tive rates in the mass-producing 
automotive foundries were replaced 
in a number of places by a day rate 
with the production incentive being 
derived from the moving-assembly- 
line method of making and pouring 
molds. 


Incentive Plans Increase 


However, throughout the years, 
the number of wage incentive plans 
in foundries continued to increase 
and were greatly accelerated by the 
heavy production demands of the 
war. 

A need for incentive plans and 
improved methods and _ techniques 
of production still exists in most 
foundries today where the piece rate 
is used, and the incentive plan can 
be used to still greater advantage 
in the day-rate foundry where the 
incentive stimulus is lacking. 

In the days of keen competition 
that lie ahead, the foundries that 
will retain their business and con- 
tinue to expand are the progressive 
ones with, not necessarily the most 
modern equipment, but the most 
modern and efficient management to 
utilize the existing equipment to the 
maximum efficiency possible to pro- 
duce quality castings at a minimum 
price. 

Modern Foundry Wage Incentive 
Plan. The heart of a sound wage 
incentive plan is in its ability to in- 
crease production at a lowered cost 
and with complete satisfaction to 
both labor and management. That 
in itself sounds like a big production 
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order, and yet it is the basis of the 
well managed foundry of today and 
will be a deciding factor in obtain- 
ing a share of the work to be done 
tomorrow. 

One of the most successful plans 
in operation today is, as might rea- 
sonably. be expected, one that is the 
least complex in its operation and 
structure. The plan is based upon 
the unchanging unit of “standard 
time,” which means, in effect, that 
the bonus automatically fluctuates 
with the rise and fall in the base 
hourly pay. 


Finding Efficiency 

Efficiency of the worker is found 
by the simple calculation of dividing 
the standard time by the time the 
worker actually took to make the 
mold, or core, or other item of pro- 
duction. By means of this efficiency, 
based upon the common unit of 
time, accurate comparisons between 


cient, he has already received a 20 
. per cent bonus. If he had done work 
at 120 per cent efficiency, he re- 
ceives a 40 per cent bonus for its 
successful completion. 


Easily Understood 

The plan is easily understood by 
everyone and the men usually calcu- 
late their own bonus on their way 
home from work. They know at the 
end of each day’s work just how 
much more they have received for 
the extra production they have done. 

Immediate production cost effect 
of this increase in production is best 
demonstrated by an example. Let us 
assume that the molder is paid at 
the rate of $1.00 an hour, works 8 
hours a day, overhead charges are 
at the rate of $1.00 an hour, and the 
average day production is eight 
pieces. 

A glance at the following table 
indicates that production increases 





Employee 
No. of Molds Efficiency, Hourly 
Made in Day per cent Pay 
6.4 80 $1.00 
8.0 100 1.20 
9.6 120 1.40 


Labor per Overhead Total Cost 

Mold per Mold per Mold 
$1.250 $1.250 $2.50 
1.200 1.000 2.20 
1.166 0.833 2.00 





departments are possible, and serve 
well in indicating to management 
where a possible source of trouble 
may lie. 

Efficiency can be calculated each 
week or every two weeks, as the pay 
period may be, and thus eliminate 
the cumbersome bookkeeping of fig- 
uring the actual working earnings 
of the employee each day. 

The bonus, in keeping with the 
original Emerson theory of high 
wages for high production, begins 
when the worker has done 80 per 
cent of the work that the standard 
time calls for and increases one per 
cent for each increase in production 
of one per cent. Thus it is seen that 
the worker reaches bonus pay com- 
paratively early and is thus stimu- 
lated to produce as much more as 
he possibly can in the remaining 
time. 


Competition 


He competes with himself and 
knows that all of the time he saves 
is his own. It is a strong incentive 
for increased production and works 
well in every case. If, for example, 
the molder does exactly a measured 
day’s work, or is 100 per cent effi- 


by using this plan of payment result 
in hourly earnings rising steadily, 
labor costs and overhead costs per 
piece dropping at a similar steady 
rate. 

Benefits to management as pro- 
duction increases are obvious and, 
since the two big cost factors in pro- 
duction are labor costs and overhead 
charges, a plan which effectively re- 
duces these two simultaneously 
should be thoroughly investigated by 
every foundry manager in his search 
for reduced operating costs and in- 
creased income. 

The standard time for doing work 
is arrived at in each case only after 
carefully considering all pertinent 
factors involved. “Gravy” jobs are 
eliminated and the stage is set for 
high production based upon fair 
standards. The workman now be- 
comes, in effect, his own foreman, 
and will be the first to raise an ob- 
jection if something interferes with 
his production rate, such as lack of 
material, working equipment, failure 
to issue a job order, etc. His interest 
now will be the same as that of 
management and they will have met 
on common ground—increased pro- 
duction. 
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Technical Director 
A.F.A. Foundry Sand Research Project 
Ithaca, N. Y. 


IN A PAPER by E. E. Woodliff*, 
in which the advantages and dis- 
advantages of different types of 
binders are discussed, the author 
gives the weight of these binders per 
volume and weight measure. 

Fire clay is given as 2.4 lb. per qt., 
and bentonite as 1.8 lb. per qt. 

Although many realize that the 
two may not show the same weight 
per qt., the extent of the difference 
is not always realized. The degree 
to which the material is compacted 
in the container may also make a 
difference, depending upon whether 
it is dumped in loosely or shaken 
down. 

In order to obtain some informa- 
tion on this subject the writer col- 
lected a number of samples of 
powdered clay from the producers. 
These samples were treated in two 
ways: 

1. A specimen tube, such as is 
used for ramming a 2-in. specimen, 
was filled to the top and the excess 
struck off. 

2. The tube was filled as before, 
and then set on a small metal table 
to which was attached a vibrator 
with a rate of 7200 vibrations per 
minute. This action, carried on for 
30 sec. at maximum amplitude, 
caused some settling and compaction 
of the material. The tube was again 
filled to overflowing, vibrated for 
another 10 sec. and then struck off. 

In both cases the contents of the 
tube were weighed, and from the 


*E. E. Woodliff, “Some Properties of 
Foundry Sand Binders,” Steel Foundry 
Facts, no. 52, Nov., 1945. 





Material* —Weight, lb. per qt.— 
Tube Tube filled 
filled and vibrated 

Southern bentonite 1.7 2.03 

Fire clay 2.41 2.91 

Fire clay flour 2.9 3.46 

White clay 1.96 2.3 

Bond clay flour 2.8 3.32 

Western bentonite— 

200 mesh 1.8 1.91 

Western bentonite— 

_ 250 mesh 0.88 0.913 

North Carolina 

kaolin 1.27 1.44 

Ball clay 1.98 2.04 

Bond (refractory) — 2.6 


*Trade names of products used may be ob- 
tained form the author. 
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WEIGHT OF CLAY BINDERS 


known volume of the tube the weight 
per qt. was calculated. 

All samples were dried in the 
oven before testing to free them 
from moisture. 

The following interesting figures 
were supplied by Professor A. I. 
Andrews of the Department of Ce- 
ramic Engineering, University of 
Illinois, in a comparison of the bulk 
weight of dry bentonite and fire clay 
powder: 


Bentonite, Fire Clay, 
lb. per qt. lb. per qt. 
2.25 2.82 
2.44 3.00 

2.53 

After Micro-Pulverize Operation 
1.30 ; 
1.31 2.92 
1.67 2.99 
1.75 
1.79 


The increasing numbers in each 
case, read downward, represent the 
increasing weight of each qt. after 
shaking the bottle so that the mate- 
rial became closer packed. 


A consideration of these figures is 
not without interest. In many found- 
ries the ingredients of a sand mix- 
ture are often measured out by vol- 
ume. 


Weight vs. Volume 


When papers are published giving 
the ingredients of a mixture and 
describing their effects, the constitu- 
ents sometimes are stated by weight 
and sometimes by volume. Let us 
see what difference this would make. 


If to a 2000-lb. batch of sand is 
added 4 per cent of southern ben- 
tonite, this would be 85 Ib., or 47.7 
qt., according to the figures given 
previously. The same percentage 
weight of fire clay would require 
only 35.2 qt. 


If a box large enough to hold 47 
qt. (85 Ib.) of southern bentonite 
were filled with fire clay, the weight 
would be 115 lb., which would be 
equivalent to about 5.43 per cent of 
fire clay in the mixture. 


It is understandable that 5.43 per 
cent of fire clay would give a higher 
green compression strength than 
would 4 per cent. 


The amount of moisture in the 
clay as received might also make a 
difference in the actual weight of 
the two clays. In this connection 


figures given by D. C. Williams* are 
of interest. 


In a lot of 59 bags of western 
bentonite “as received” the weight 
in lb. per qt. as determined ranged 
from 1.52 to 1.91 Ilb., with an aver- 
age of 1.65 lb. 


The moisture in the bentonite “as 
received” varied from zero to 9.16 
per cent. 


If these figures are applied to the 
example given previously, where a 
box holding 47 qt. was used to add 
4 per cent of bentonite to a foundry 
mixture, it is found that in using the 
bentonite “as received” it would 
amount to 89.8 Ib. in one case, and 
71.5 Ib. in the other; or 4.33 per 
cent and 3.45 per cent, respectively, 
of bentonite. 

Turning now to the dried samples 
of the 59 lots of bentonite, the weight 
per qt. ranged from 1.525 to 1.76 lb. 

It is indicated that an increasing 
moisture content will tend to de- 
crease the weight per qt. 

In conclusion, it may be said that 
weight of clay per unit volume is a 
matter that should not be overlooked 
in making up foundry mixtures, for 
with a given clay the weight per unit 
volume may vary with the degree 
to which it is packed into a recep- 
tacle, with the degree of moisture 
in the clay, and with the fineness of 
grinding. 

Furthermore, the variation in 
weight of unit volumes of different 
clays may be appreciable. 


*A.F.A. Sand Research Fellow, Cor- 
nell University, Ithaca, N. Y. 
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Fig. 1 (above )—Preparation of 
injection dies. 


Fig. 2 (left)—Diemaker pre- 
paring to pour metal into first 


half of mold. 


Fig. 3 (below) — One-half of 
die completed, the plaster is 
removed and second half is 


poured. 


PRECISION 
CASTING 
PROCESS 


. 


PRECISION CASTING by the invest- 
ment or lost wax process, as con- 
ducted at the plant of the Haynes 
Stellite Co., was viewed by editors 
and writers of a number of trade 
magazines during a recent two-day 
visit to the plant at Kokomo, Ind. 
This manufacturer, primarily, pro- 
duces alloy castings having high 
hardness for cutting and resistance 
to abrasive wear, corrosion-resistant 
alloys, castings requiring resistance 
to scaling at elevated temperatures, 
and alloy castings having high 
strengths at elevated temperatures. 
Essentially, its products comprise 
various alloys of the cobalt- or nickel- 
base type, and stainless steel of vary- 
ing composition to meet specific and 
exacting end requirements. 

Casting operations may be divided 
into two categories: (1) large cast- 
ings made by methods quite similar 
to those utilized in the steel foundry, 
and (2) small or precision castings 
made by the investment process. Be- 
cause of the large amount of interest 
displayed in the latter process, this 
article will largely confine itself to a 
description of the methods utilized 
in this plant, together with a brief 
description of the type of casting to 
which these methods are applicable, 


~ some of its attributes and limitations, 


with typical examples of its applica- 
tion. 

Making the Master Pattern. A 
precision casting begins with the 
making of a master pattern, an exact 
replica of ‘the piece desired. Of 
necessity it is slightly oversize by ap- 
proximately 1% per cent to allow 
for shrinkage and such additional 
increase in given dimensions where 
stock is required for finishing, which 
usually is limited to grinding opera- 
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tions on the hard alloys, or machin- 
ing operations on the corrosion-re- 
sistant alloys and stainless steel. 

As in all patterns, allowances must 
be made for draft and the surface 
finish must be good, since imper- 
fections in the pattern surface are 
reproduced in the finished casting. 
The master pattern is fabricated 
from brass, stainless steel, or other 
material, depending upon the design 
of the part. The master pattern, 
after careful checking against the 
specified dimensions, is utilized for 
the production of the injection dies. 

Making Dies 

Injection dies are made by imbed- 
ding a master pattern in plaster in 
order to make the top half of the 
die, as shown in Fig. 1. The injec- 
tion die itself is prepared by pouring 
a suitable soft metal, usually a low- 
melting tin-bismuth alloy, around 
one-half of the master pattern as it 
is imbedded in the plaster. Thus 
the die becomes a negative counter- 
part of the master pattern, the cavi- 
ties in the die being a duplicate of 
the master pattern. A die is similar 
to the core box of ordinary foundry 
practice. 

Having completed one-half of the 
die, the second half is made in a 
similar manner. The advantages of 
the previously mentioned type of al- 
loy are mainly its low melting tem- 
perature and its freedom from con- 
traction on freezing. When the cast- 
ing itself is extremely simple in 
shape, it is often expedient to ma- 
chine the injection dies directly from 
aluminum or other suitable metal 
and thereby avoid the construction 
of the master pattern. 

Pouring the first half of the mold 
for the production of the injection 
die is shown in Fig. 2. Both halves 
of the completed injection die are 
shown in Fig. 3. An injection die 
may contain from 1 to 20 cavities, 
depending upon the size of the part 


Right—Reading from top to 
bottom: 

Fig. 4—With required cores in 
die, wax is injected into mold 
by means of gun. 

Fig. 5—Wax pattern being re- 
moved from mold. 

Fig. 6—Inspection and as- 
sembly of patterns to wax gates 
and risers by “wax welding.” 
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which is to be produced, since with 
more cavities each injection produces 
more wax patterns. For high pro- 
duction, it is desirable to get as many 
pieces into a given die as is practi- 
cable. 

Pattern Wax. Wax utilized for 
making the wax patterns is a blend 
of several waxes compounded to pro- 
duce a casting wax, which on injec- 
tion into the die will accomplish 
dimensional reproducibility, good 
castability, sufficient strength and 
stiffness at the usual temperatures 
existing in the plant. It must also 
be free of impurities which will af- 
fect the other factors essential to the 
production of a suitable pattern and 
devoid of foreign material, which 
will effect consistent behavior of the 
wax. 

Typical waxes utilized for com- 
pounding a pattern wax are: Bees- 
wax, Carnauba wax, and several 
crystalline type petroleum waxes 
similar to paraffin. These waxes are 
accurately weighed and carefully 
melted to avoid volatilization of cer- 
tain of their constituents, and then 
cast into slabs for future use in the 
wax pattern injection molding ma- 
chines. 


Wax Patterns. The beginning of 
the investment mold is the wax pat- 
tern which is a replica of the original 
master pattern. Wax patterns are 
made by injecting molten wax into 
the water cooled metal injection die. 
A gun containing the molten wax is 
inserted into the die opening and the 
wax forced into the die by a pneu- 
matic ram under a pressure of about 
400 psi. Temperature of the molten 
wax must be controlled to within 
5°F. in order to attain the neces- 
sary uniformity. 

After a short interval of time, 
to permit the wax to solidify, the 
die is opened, special knock-out 
pins are operated to free the wax 
pattern, which is then removed by 
hand. This operation is clearly 


Left— Reading from top to 
bottom: 
Fig. 7—Attaching blind risers. 
Fig. 8— Mounting two wax 
patterns to main gate and run- 
ners. 
Fig. 9— Dipping pattern as- 
sembly into very fine silica sus- 
pended in suitable medium. 
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Fig. 11—Coarser grains are screened onto wet dip Fig. 12—Alloy flask being sealed to steel plate and 
coating. wax paper roll extension applied around flask. 
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shown, in Figs. 4 and 5. When the 
wax pattern is removed from the 
die, any cores which were used are 
removed and the wax gate is broken 
off manually. The die is then 
sprayed with a soap solution to pre- 
vent sticking and is ready for an- 
other injection. 

Wax Pattern Assembly. Each wax 
pattern is carefully trimmed and 
important dimensions checked by 
means of gauges or micrometer cal- 
ipers. Several of the wax patterns 
are assembled by “wax welding,” 
with the aid of a “hot-wire” welder, 
to appropriate gate and riser pat- 
terns cast in their own dies. The 
welder is simply a short piece of re- 
sistance wire heated by an electric 
current to a mild temperature that 
will melt the wax. 

This assembly operation is con- 
ducted progressively by a number of 
operators as the component parts 
move along on the assembly con- 
veyor belt, and is well portrayed in 
Figs. 6, 7, and 8. The practically 
completed wax pattern assembly is 
shown in Fig. 8, with the operator 
welding the gate assembly to the 
wax pattern. 

Dip Coating the Pattern. Com- 
pletely integrated pattern assemblies, 
after careful final inspection, are 
2, dipped in fine silica flour suspended 

in a suitable medium. The presence 
» of the fine material on the wax is 
responsible for the smooth finish of 
the castings, since the wax is later 
melted out and this fine material 
a forms the inside mold surface which 
will be in contact with the molten 
metal. The dipping operation is 
shown in Fig. 9. 
After dipping, the pouring mouth 
>a of the wax assembly is sealed to a 
steel plate. Areas not coated by the 
dipping process are sprayed with the 
finely suspended silica, as shown in 


Fig. 10. While the dip coating is 
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Left— Reading from top to 
bottom: 

Fig. 13—Filling flask with 
chemically hardening invest- 
ment material. 

Fig. 14— Molds on “shaker 
table” to pack investment 
around pattern. 

Fig. 15—Molds entering con- 
tinuous furnace to melt out 
wax pattern and cure mold. 
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still wet, somewhat coarser dry silica 
is “screened” or “stuccoed” to the 
dip coating. This operation is shown 
in Fig. 11. The entire assembly is 
now placed on a conveyor and trav- 
els through a dehumidifying tunnel, 
reaching the exit end in approxi- 
mately 22 min. Warm air circulated 
through the tunnel thoroughly dries 
the refractory coating on the wax 
pattern. 

An alloy metal flask lined with 
wax paper is placed around the as- 
sembly and sealed with molten wax 
to make it liquid tight, as shown in 
Fig. 12. The flask is sealed in a wax 
paper roll that is longer than the 
flask, and serves to hold the surplus 
investment material later cut off. 


Investment Material. Investment 
material must be a mixture lending 
itself to dimensional reproducibility, 
good flowability, so that it will com- 
pletely fill the mold and conform 
with the fine detail in many small 
precision castings, possess ample per- 
meability, strength at both room and 
the elevated temperature at which 
the mold is poured, and freedom 
from wash or cutting by the molten 
metal. 

The mix, as poured into the flask, 
is a thick slurry prepared in an over- 
head room. Dry components, con- 
sisting of silica sand and flour, mag- 
nesia, and brick dust are first mixed 
in a rotary blender followed by mix- 
ing with the liquid constituents in 
a conventional concrete-type mixer. 
The liquid portion*of the mix is a 
water solution of tetraethyl silicate, 
ethanol, hydrochloric acid and other 
chemicals. 

After a second mixing of the 
slurry, it is ready to ladle into the 
flask containing the wax pattern, as 
shown in Fig. 13. Molds are in- 
clined and slowly rotated to aid the 
flow of the slurry and eliminate 
large voids. Since the mixture sets 


Right—Reading from top to 
bottom: 

Fig. 16—Hot molds at dis- 
charge end of furnace ready to 
pour. 

Fig. 17—Inverted mold 
clamped on furnace ready to 
pour by inverting. 

Fig. 18—The shakeout. No at- 
tempt is made to salvage used 
investment material. 
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Fig. 19—X-raying the finished castings. 


quickly, the flow of molds and in- 
vestment material must be closely 
coordinated. Frequent cleaning of 
the mixing and handling equipment 
is also essential to prevent lumps of 
partially set investment from enter- 
ing the mold and causing defects in 
the casting. 


Both the tetraethyl silicate and 
ethanol are inflammable, necessitat- 
ing care and forced ventilation to 
prevent fire in locations where the 
mixture is being compounded and 
handled. 

Vibrating the Mold. Having filled 
the flask with the investment mix, 
it is placed on a vibrating table for 
about one hr. to pack the investment 
material around the wax pattern as- 
sembly and eliminate all air pockets 
(Fig. 14). The vibration also serves 
to settle some of the solids against 
the wax pattern and permit the 
liquid portion to jelly. 

Following the vibrating period, the 
mold is permitted to age for not less 
than one hr. to attain sufficient 
green strength, after which the ex- 
cess paper feeder or collar on the 
flask and investment is trimmed 
away, the mold board (steel plate) 
is knocked off, exposing the pouring 
mouth or dish into which the metal 
will ultimately be poured. The mold 
is now ready to be trucked to the 
foundry. 

Melting Out the Wax Pattern and 
Curing the Mold. Just prior to pour- 
ing, the inverted mold is placed on 
the conveyor of a continuous zonal- 
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controlled furnace (Fig. 15). Enter- 
ing the first zone it is heated to a 
temperature at which the wax pat- 
tern is melted, most of it running 
out but some penetrating the aged 
investment to a depth of about 
one in. 


Moving then into hotter zones, the 
residual wax burns out and the mold 
finally is heated to temperatures of 
1300-1900° F., serving to completely 
cure the investment and control the 
pouring temperature of the mold. 
Final temperatures are varied, de- 
pending upon the part to be cast. 
Figure 16 shows the discharge side 
of the furnace with the hot molds 


ready to be placed on the melting 
furnace for pouring. 

Melting the Metal. Melting of the 
alloy metal is accomplished in spe- 
cially designed single-phase indirect- 
arc furnaces, pictured in Fig. 17. 
The steel shell is lined with a 
rammed monolithic magnesia lining. 
The carbon electrodes project hori- 
zontally into the furnace, supported 
in a water-cooled holder through 
which the electrical energy is sup- 
plied. The electrode holders also 
serve as trunnions for rocking the 
furnace during melting and just prior 
to pouring to prevent segregation of 
elements in the metal charge. 

A metal charge consists of pre- 
alloyed material of the desired anal- 
ysis, cast in rods of about '-in. 
diameter. Charges weigh from 5-8 
Ib. and are introduced through a 
small hole in the roof of the furnace, 
which also serves as the pouring 
spout when a mold is poured. The 
weight of metal melted is governed 
by the quantity of metal required 
for a single mold. Depending upon 
the size of the charge, 6-12 min. are 
required to melt and superheat the 
metal to proper pouring tempera- 
ture. 

Under the existing melting condi- 
tions the metal sustains a carbon 
pickup of only 0.01-0.02 per cent 
and, since it is almost a sealed fur- 
nace, melting occurs in an inert 
atmosphere of nitrogen once the oxy- 
gen has been consumed. No slag is 
utilized, the metal being a _ bare 
bath. After measuring the metal 





Fig. 20—Examining radiographs for casting imperfections. 
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Valve part. 


Sewing machine feed dogs. 








Turbo-supercharger bucket. 


Figs. 21-24—T ypical parts cast by the investment process. 








Fishing pole guide. 








temperature with an optical pyrom- 
eter and placing an asbestos gasket 
around the pouring spout, a hot 
mold from the exit end of the mold- 
firing furnace is inverted, placed 
with the pouring dish over the fur- 
nace spout and clamped into place, 
as shown in Fig. 17. 

The furnace is vigorously rocked 
by the operator, the entire assembly 
(furnace and mold) are inverted, 
permitting the molten metal to flow 
into the mold, and 3-6 psi. air pres- 
sure is admitted through the furnace 
shell by means of a cock. Regulation 
of the mold and pouring tempera- 
ture are a means to controlling the 
desired grain size of the metal in 
the finished casting. 

Utilization of compressed air dur- 
ing pouring assists in producing 
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sound, dense castings, particularly 
those containing extremely thin sec- 
tions or edges. After solidification, 
the clamp is loosened, the mold re- 
moved, and the furnace is ready for 
the next melt. 

Knock-Out. Following the pour- 
ing operation, the mold is permitted 
to cool in air for about 4 hr. The 
entire casting assembly is then re- 
moved from the flask by means of 
a pneumatic hammer, shown in Fig. 
18. No attempt is made to salvage 
the used investment material. The 
casting assembly is carried by con- 
veyors to the cleaning room where 
the gates and risers are cut off with 
a high speed abrasive cut-off wheel 
and the casting shotblasted to re- 
move adhering mold material. This 
is followed by rough inspection for 


obviously defective castings, which 
are scrapped at this stage of manu- 
facture. 

Cleaning and Inspecting. Castings 
accepted during rough inspection are 
sandblasted and returned to the in- 
spection department for visual and 
dimensional inspection. Castings 
passing this inspection are examined 
with fluorescent penetrating oil and 
ultraviolet light for cracks or minute 
surface imperfections revealed by 
this method. 

Since most alloys produced at this 
plant are non-magnetic, this type of 
inspection cannot be utilized. As a 
final check, all castings are x-rayed 
and the film inspected for evidence 
of defects in the castings, as shown 
in Figs. 19 and 20. Each casting is 
serially numbered and the corre- 
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Fig. 25—Cloth cutting machine slide 
cast by this process. 


sponding number applied to the 
x-ray film, which is filed as a perma- 
nent record. 

When required, each mold assem- 
bly also contains a pattern for a 
Rockwell hardness test coupon, and 
two bend test specimens as a final 
check on the physical properties of 
the metal. Bend test specimens must 
bend through an angle of 90° with- 
out failure, and the hardness is 
maintained within narrow limits. 


Application of the Process. This 
method of casting manufacture pri- 
marily lends itself to quantity pro- 
duction of small, simple or intricate 
parts cast so close-to-size that they 
require little or no subsequent ma- 
chining. Dimensional tolerances usu- 
ally are + 0.005 in. per in., with a 
minimum of + 0.003 in. Generally 
speaking, other factors remaining 
constant, dimensional tolerance is a 
percentage of the dimension involved 
rather than a fixed value. 

Because of the relatively high 
molding cost, this technique lends 
itself to the production of small 
alloy parts which are too hard to 
machine, where precision molding 
will save a great deal of machining 
expense, where forming or forging 
is too difficult, or in instances in 
which accuracy of contour is highly 
important. Typical are heat resist- 
ant, accurately made, turbo-super- 
charger buckets, turbine blades, etc., 
which are made of alloys that are 
difficult to forge and of shapes 
which can not be economically ma- 
chined or ground. 

In. a similar category are corro- 
sion- and wear-resistant castings, 
such as parts for textile cutting ma- 
chines, zipper slides, motion picture 
projector parts, canning machine 
components, parts for diesel engines, 
pulverizing equipment and various 
alloy items used in the chemical in- 
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dustry. Typical parts are shown in 
illustrations, Figs. 21 to 25. 

Precision casting by the invest- 
ment process is costly and requires 
extremely close and detailed process 
control of each operation if success 
is to be achieved. Briefly, this tech- 
nique does not lend itself to adapta- 
tion by the average foundry; it is 
a highly specialized field of the cast- 
ing industry. 

Bibliography. For those who are 
further interested in the work which 
has already been published on in- 
vestment casting, appended to this 
article is a complete bibliography 
covering this subject. 
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Committee Plans Wider 
Chill Test Application 


REORGANIZATION of the Commit- 
tee on Chill Tests, A.F.A. Gray Iron 
Division, under Chairman H. C. 
Winte, Worthington Pump & Ma- 
chinery Corp., Buffalo, N. Y., was 
undertaken June 7, in a meeting at 
the Statler Hotel, Cleveland; and a 
program for the development of a 
series of chill tests applicable to the 
range of carbon equivalents found 
in industrial practice was adopted. 

Development and standardization 
of the chill test, one of the most 
convenient quick tests, is expected 
to result from committee activities. 
More extensive application of the 
test was forecast. 

H. H. Wilder, Eaton Mfg. Co., 
Vassar, Mich., was elected Vice- 
Chairman of the committee, and 
W. J. Sommer, Plainville Casting 
Co., Plainville, Conn., was named 
Secretary. 
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FOUNDRY PERSONALITIES 








G. K. Dreher, National Director, 
American Foundrymen’s Associa- 
tion, announces his resignation as 
vice-president and works manager, 
Ampco Metal, Inc., Milwaukee, to 
accept the position of vice-president 
and general manager, Rogers Pat- 
tern & Foundry Co., Los Angeles. 
Other officers of the Rogers firm, 
which has held A.F.A. company 
membership for a number of years, 
are A. E. Rogers, owner; Steven 
Mocsny, president, and G. B. 
Davis, superintendent, all active 
members of Southern California 


A.F.A. chapter. 





G. P. Torrence G. K. Dreher 


W. C. Carter, president, Link- 
Belt Co., Chicago, has announced 
that G, P. Torrence, who resigned 
as president of the firm in 1936, will 
rejoin the organization as executive 
vice-president. With retirement of 
Mr. Carter, on Nov. 1, 1946, in 
accordance with the company’s re- 
tirement plan, Mr. Torrence will 
again assume the presidency. Since 
his association with Link-Belt Co., 
from 1911 to 1936, Mr. Torrence 
has been vice-president and general 
manager, Rayon Machinery Corp., 
and president, Cleveland Pneumatic 
Tool Co., Cleveland. 

At a special meeting of the Link- 
Belt Co. board of directors, at which 
arrangements were made for the re- 
turn of Mr. Torrencé, an executive 
committee was created, consisting 
of Mr. Carter, as chairman, and 
directors Howard Coonley and Rus- 
sell Livermore. 


C. M. Mense, president and gen- 
cral manager, Lehigh Safety Shoe 


Co., Allentown, Pa., announces re- 
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tirement from active direction of 
the firm. Mr. Mense, who assumed 
the presidency in 1931, will con- 
tinue in an advisory capacity. F. 
B. Griswold, who entered the or- 


ganization in the sales department 


and trained through the merchan- 
dising and administrative depart- 
ments, will replace Mr. Mense as 
general manager. 


David White, executive vice- 
president, Lester Engineering Co., 
Cleveland, will fly to England for 
the firm, to confer with its British 
agents, Dowding and Doll, Ltd., 
London, and to license an English 
firm for the manufacture of Lester 
injection molding and die casting 
machines. 


J..V. Houston has been appointed 
vice-president, Ramapo Ajax Div., 
American Brake Shoe Co., New 
York. Mr. Houston, who will make 
his headquarters in Chicago, is a 
graduate of the University of Illi- 
nois, Urbana, and joined the firm 
in 1910, serving since as sales engi- 
neer, sales manager, assistant chief 
engineer and general superintendent. 





J. D. Hanawalt 


R. M. Reichl 


Erwin Loewy, president, Hydro- 


ress, Inc., New York, announces 
> > >] 


promotion of Dr. R. M. Reichl to 
the position of vice-president. Dr. 
Reichl, who obtained his degree as 
Doctor of Science from the Univer- 
sity of Prague, Czechoslovakia, has 


- been associated with the design, con- 


struction and operation of hydraulic 
presses and rolling mills for ferrous 
and non-ferrous industries in the 
United States, Europe, England and 
the Far East and has represented 


Hydropress, Inc., as consulting engi- 
neer in many new developments for 
the American armed forces. 


H. J. Struebing and P. J. Buch- 
heit, both formerly of Electro Re- 
fractories & Alloys Corp., Buffalo, 
N. Y., are principals, as president 
and vice-president, respectively, of 
Struebing & Buchheit, Inc., 1807 
Elmwood Ave., Buffalo, a new firm 
of distributors of industrial prod- 
ucts. Mr. Struebing was sales engi- 
neer for five years, and Mr. Buch- 
heit assistant sales manager for nine 
years, with the Electro Refractories 
firm, prior to their resignations to 
form the new corporation. Both are 
active members of Western New 
York A.F.A. chapter, Mr. Struebing 
as a chapter Director. 


Dr. W. H. Dow, president and 
general manager, The Dow Chemi- 
cal Co., Midland, Mich., announces 
consolidation of the firms’ magne- 
sium operations under a separate 
executive board and general man- 
ager, and appointment of Dr. J. D. 
Hanawalt, former director of metal- 
lurgical research, to the position of 
general manager. Dr. 


to Dr. Hanawalt, G. F. Dressel, for- 
merly production manager, as assist- 
ant general manager; Dr. T. H. Mec- 
Conica III, formerly assistant tech- 
nical manager and now technical 


assistant to the general manager; }j 


H. Freuhauf, former manager, Bay 
City, Mich., foundry and fabrica- 
tion plant, who has been named 
production manager; L. B. Grant, 
who continues in the capacity of 


sales manager; and C. E. Nelson, | 


former assistant technical director 


and advanced to technical director. 


T. S. Hemenway, Metal & Alloy ff 


Specialties Co., Buffalo, N. Y., was 
elected president, Non-Ferrous 
Founders’ Society, Chicago, at the 


‘annual meeting recently held in 


Cleveland. Mr. Hemeway had pre- 


viously served as vice-president, and f 
as a member of the executive com-} 
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mittee and board of directors. 
E. W. Horlebein, Gibson & Kirk 
Co., Baltimore, Md., retiring presi- 
dent, remains as a director and was 
re-elected to the executive commit- 
- tee. Mr. Horlebein, an A.F.A. 
National Director, stressed the 
healthy progress made by the Non- 
Ferrous society, as he presented his 
annual report. 


J. L. Klein has been appointed 
director of research, Jessop Steel 
Co., Washington, Pa. Graduate of 
. Massachusetts Institute of Tech- 
nology, Cambridge, Mass., Mr. 


Klein joined the Jessop firm in 1943 
as metallurgical research engineer, 
and became head research metal- 
lurgist in 1944. 





Russell Franks 


J. M. Underwood 


J. M. Underwood, recently asso- 
ciated with Latrobe Electric Steel 
Co., Cleveland, as director of mar- 
ket research and previously presi- 
dent, The Halund Co., Latrobe, 
Pa., has been elected president, Vul- 
can Mold & Iron Co., Latrobe, suc- 
ceeding E. R. Williams, who has 
resigned, according to announce- 
ment of the board of directors of 
the Vulcan firm. Mr. Underwood 
had served, earlier, as assistant 
treasurer and assistant to the presi- 
dent of Vulcan Mold & Iron Co. 


Russell Franks, chief metallurgist, 
Union Carbide & Carbon Research 
Laboratories, has been appointed to 
the technical service and develop- 
ment department, Electro Metallur- 
gical Co., Pittsburgh, according to 
S. M. Norwood, president of the 
latter firm. Both companies are units 
of Union Carbide & Carbon Corp., 
New York. Mr. Franks, well known 
in metallurgical circles as an author- 
ity on stainless and heat-resistant 
steels and author of many papers on 
the subject of chromium alloy steels, 
has been associated with the Re- 
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search Laboratories unit since his 
graduation from Virgina Polytechnic 
Institute, Blacksburg, Va., in 1921, 
with a Bachelor of Science degree 
in chemical engineering. He was 
appointed chief metallurgist in 1945. 


J. D. James, formerly assistant 
foundry superintendent, Erie City 
Iron Works, Erie, Pa., has been 
appointed foundry superintendent, 
Cooper-Bessemer Corp., Grove City, 
Pa. Graduate in metallurgical engi- 
neering from Grove City College, 
Mr. James had been associated with 
Latrobe Electric Steel Co., Latrobe, 
Pa., before joining the Erie City 
firm in 1941. Recently elected 
Treasurer, Northwestern Pennsy]l- 
vania A.F.A. chapter, he has also 
served as a Director of the group, 
and was active in its organization 


in 1945. 


G. K. Tolford, foundry superin- 
tendent, and J. S. Nordholt, engi- 
neer, Webster Manufacturing, Inc., 
Tiffin, Ohio, have leased the foundry 
at Swanton, Ohio, formerly oper- 
ated by A. D. Baker Co. The plant 
will be operated under the firm 
name, Swanton Gray Iron Foundry, 
and is expected to be in operation 
this month. 


W. A. Hambley, works metallurg- 
ist, Allis-Chalmers Mfg. Co., Mil- 
waukee, has resigned that position 
to accept appointment as general 
manager, Slinger Foundry Co., 
Slinger, Wis., and Falls Mfg. Co., 
Menomonee Falls, Wis. Mr. Ham- 
bley is well known to the industry 
as a member of the Steering and 
Executive commitees, A.F.A. Gray 
Iron Division, and as Chairman of 
that group’s Committee on Analysis 
of Casting Defects. 





W. A, Hambley W. G. Ferrell 
W. G. Ferrell, superintendent of 

foundries, Auto Specialties Mfg. Co., 

St. Joseph, Mich., has been ap- 


pointed general works superintend- 
ent, and placed in charge of opera- 
tions of all divisions of the firm. Mr. 
Ferrell, well known to the foundry 
industry, participated in the recent 
Golden Jubilee Convention at Cleve- 
land, and was author of the techni- 
cal paper, “Cores for Automotive 
Malleable Iron Castings,” presented 
at the May 7 Malleable Foundry 
Practice session. 





0. L. Voisard F. J. Wood 


O. L. Voisard, general foreman, 
Robert Mitchell Co. Ltd., Montreal, 
Can., has been appointed foundry 
superintendent. Mr. Voisard has 
been an active member in Eastern 
Canada and Newfoundland A.F.A. 
chapter since its organization, in 
which he assisted. 


F. J. Wood, formerly chief engi- 
neer, Industrial Div., Goodman Mfg. 
Co., Chicago, has joined Loewy Con- 
struction Co. Inc., New York, as 
chief engineer, Rolling Mill Divi- 
sion. Mr. Wood, with the Goodman 
company since 1936, had specialized 
in design of special equipment for 
ferrous and non-ferrous foundries. 
Following attendance at Carnegie 
Institute of Technology, Pittsburgh, 
Mr. Wood began his steel mill career 
with Pennsylvania Works, National 
Tube Co., of the same city in 1917, 
and following service in World War 
I, served as assistant chief engineer 
of that firm. Later he was associated 
as resident engineer with Crucible 


_ Steel Co., Pittsburgh; moved to Mes- 


ta Machine Co. as department engi- 
neer; and, in 1932, joined the Lenin- 
grad (U.S.S.R.) staff of Freyn En- 
gineering. Returning to this coun- 
try, he spent two years as special 
engineer, Brass Mill Div., Western 
Cartridge Co., Alton, IIl., before 
joining Goodman Mfg. Co. 


J. R. Cudworth has been appoint- 
ed dean, College of Engineering, 
University of Alabama, University. 
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® The enrollment of twenty-seven A.F.A. chapters was in- 
creased by the addition of one or more new members 
during the past month. Below the names of the 120 new 
members are listed. Three chapters, namely, Central Illinois, 
Eastern Canada and Newfoundland and Ontario, contributed 
nine new men apiece. The list of foreign members continues 
to grow larger with the return of many overseas foundries 
to normal peace time operation. 


Conversion—Personal to Company. 


“cage Brothers Limited, Openshaw, Manchester, England. 
(T, H. Bower). : 


BIRMINGHAM DISTRICT CHAPTER 


J. E. Bowman, Johnson City Foundry & Machine Co., Johnson City, Tenn. 

R. P. Dalton, Gen. Foreman, LeTourneau Co. of Georgia, Toccoa, Ga. 

*Henderson Foundry & Machine Co., Hampton, Ga. (J. E. 
Morton, Jr., Prod. Engr.). 

Wm. R. Peak, Owner, W. R. Peak Service Shops, Oklahoma City, Okla. 

Sam P. Phelps, American Cast Iron Pipe Co., Birmingham, Ala. 

Bruce B. Piper, Owner, Refractory Supply Co., Birmingham, Ala. 


CANTON DISTRICT CHAPTER 


Kenneth S. Gay, East Akron Casting Co., Akron, Ohio. 
Robert A. Williams, Special Engr., American Steel Foundries, Alliance, 
Ohio. 


CENTRAL ILLINOIS CHAPTER 

Roy Bale, Foreman, Shipping Dept., Peoria Malleable Castings Co., 
Peoria, 

Thomas F. Connolly, Foreman, Caterpillar Tractor Co., Peoria, Ill. 

Cyrus E. Crouch, Foreman, Caterpillar Tractor Co., Peoria, Ill. 

Sig L. Johnson, Draftsman, Caterpillar Tractor Co., Peoria, Ill. 

John C. Koteles, Inspector, Caterpillar Tractor Co., Peoria, Il. 

Raymond Lewis, Caterpillar Tractor Co., Peoria, Ill. 


*Peoria Foundry Div., M. H. Detrick Co., Peoria, Ill. (A. M. 
Klawitter, Mgr.). 


Robert R. Randolph, Asst. Chief Insp., Caterpillar Tractor Co., Peoria, Ill. 
U. S. Sullivan, Gen. Foreman, Caterpillar Tractor Co., Peoria Il. 


CENTRAL INDIANA CHAPTER 
Wilfred M. Bucher, Chief Insp., Swayne Robinson & Co., Richmond, Ind. 
Supply Officer, Naval Ordnance Plant, Indianapolis, Ind. 


CENTRAL NEW YORK CHAPTER 


*Hallstead Iron Foundry, Hallstead, Pa. (E. Kime). 


CHESAPEAKE CHAPTER 

Hubert R. Beale, Molder, Norfolk Naval Shipyard, Portsmouth, Va. 

Edgar F. Felder, Jr., Sales Engr., The Gibson & Kirk Co., Baltimore, Md. 

Robert M. Rubush, Jr., Plant Metallurgist, Lynchburg Foundry Co., 
Radford, Va. 

Lloyd B. Saville, Price Analyst, Office of Price Administration, Wash- 
ington, 

Samuel R. Spence, Molder, Norfolk Naval Shipyard, Portsmouth, Va. 


CHICAGO CHAPTER 


W. H. Ball, Mgr., Ball Brass & Aluminum Foundry, Auburn, Ind. 
George J. Biddle, Illinois Clay Products Co., Chicago. 

Donald L. Colwell, Dist. Mgr., National Smelting Co., Chicago. 
Karol J. Jacobson, Griffin Wheel Co., Chicago. 

Walter Krywokulsky, Asst. Met., International Harvester Co., Chicago. 
Arthur A. Rudowicz, Apprentice, Howard Foundry Co., Chicago. 


CINCINNATI DISTRICT CHAPTER 


Gilmer Penick, Pres., Queen Co., Inc., Cincinnati, Ohio. 


DETROIT CHAPTER 


Edward J. Hasty, Sand Tech., Harry W. Dietert .Co., Detroit. 
\rthur C, Robillard, Fdry. Engr., Giffels & Vallet, Inc., Detroit. 
Edwin Wrobel, Mt. Engr., Ford Motor Co., Dearborn, Mich. 
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Sales Mgr.). 
Jean H. Archambault, Service Mgr., Lasalle Coke Co., Montreal, Que. 


L. Bradley, Asst. Fdry. Supt., Canadian Ingersoll Rand Co. Ltd., Sher- 


brooke, Que. 
Ernest Clark, Dominion Engineering Works, Lachine, Que. 
Ed Cyr, Industrial Pattern & Foundry Works, Montreal, Que. 
Gordon K. Eastwood, Met. Engr., Crane Ltd., Montreal, Que. 
Herbert H. Fairfield, Met., Bureau of Mines, Ottawa, Ont. 
George C. Jarvis, Ind’]. Salesman, Lasalle Coke Co., Montreal, Que. 
 ~ Morse, Fdry. Engr., Canadian Ingersoll Rand Co. Ltd., Sherbrooke, 
ue. 


METROPOLITAN CHAPTER 


nae A. Clapp., Jr., Pres., Engineering Products Corp., Bridgeport, 
Jonn. 


David Sigmond, Basic Appliance Co., Brooklyn. 


MEXICO CITY CHAPTER 


J. A. Carey, San Miguel 24, Goyoacan, Mexico, D. F. 


MICHIANA CHAPTER 


N. S. Bowsher, The N. P. Bowsher Co., South Bend, Ind. 
Don P. Grafflin, The Toy Co., South Bend, Ind. 


NORTHEASTERN OHIO CHAPTER 


Lester D. Criswell, Cleveland Repr., Wellman Products Co., Cleveland. 
Gilmond W. Hart, Personnel Dir., Lake City Malleable Co. Inc., Ashta- 


bula, Ohio. 
Bert R. Lanker, Res. Met., Farrell-Cheek Steel Co., Sandusky, Ohio. 
S. Allen Nathanson, V. P., M. Cohen & Son Co., Cleveland. 
Bailey I. Ozer, V. P., M. Cohen & Son Co., Cleveland. 
Frank J. Sedlak, V. P., The Superior Brass Mfg. Co., Mansfield, Ohio. 
A. V. Seifert, The Ohio Injector Co., Wadsworth, Ohio. 
John A. Sharritts, Asst. Supt., Westinghouse Electric Corp., Cleveland. 


NORTHERN CALIFORNIA CHAPTER 


Ernest Boyuton, Foreman, Enterprise Engine & Foundry Co., San Fran- 
cisco. 


Ted Campbell, Molder, Enterprise Engine & Foundry Co., San Francisco. 


Gene P. Fambrini, Coremaker, Enterprise Engine & Foundry Co., San 
Francisco. 


Charles E. Rowe, Met. Asst., Mare Island Navy Yard, Mare Island, Calif. 
Charles A. Willard, Supt., Kingwell Bros. Ltd., San Francisco. 


NORTHWESTERN PENNSYLVANIA CHAPTER 


John L. Frantz, Plant Engr, U. S. Radiator Corp., Detroit. 

C. H. Gable, Plant Supt., U. S. Radiator Corp., Detroit. 

J. Marcus Moarison, Pttn. Shop Fore., U. S. Radiator Corp., Detroit. 
Stanley B. Trezenski, Fdry. Supt., U. S. Radiator Corp., Detroit. 


ONTARIO CHAPTER 


*Beatty Bros. (Spencer Div.) Ltd., Penetong, Ont. (A. T. Atkins). 
R. K. Brake, Owner, Alumaloy Castings Ltd., Toronto, Ont. 


W. A. Butcher, Core Room Supt., Dominion Foundries & Steel, Hamil- 
ton, Ont. 


Lon Cook, Insp. Foreman, Dominion Foundries & Steel, Hamilton, Ont. 

*Moffats Ltd., Weston, Ont. (W. T. Snowdon, Fdry. Supt.). 

Joseph W. Robinson, J. Robinson & Son., Ottawa, Ont. 

R. Robinson, Plant Supt., Moffats Ltd., Weston, Ont. 

ir: J. Rutherford, Sales Repr., National Refractories Ltd., Hamikon, 
nt. 


James Stuart, Supv. Casting Insp., Dominion Foundries & Steel, Hamil- 
ton, Ont. 


PHILADELPHIA CHAPTER 


Roy Dreibelbis, Asst. Met., Stanley G. Flagg & Co. Inc., Stowe, Pa. 
Herbert R. Greene, Engr., Simonds Abrasive Co., Philadelphia. 
Frank J. Haines, Met., Stanley G. Flagg & Co., Inc., Stowe, Pa. ‘ 
Charles H. Kneisley, Lancaster Malleable Castings Co., Lancaster Pa. 


Anthony F. Raczynski, Asst. Works Engr., Stanley G. Flagg & Co. Inc., 
Stowe, Pa. 


Harry J. Richmond, Lancaster Malleable Castings Co., Lancaster, Pa. 
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EASTERN CANADA & NEWFOUNDLAND CHAPTER 


*Algoma Steel Corp. Ltd., Montreal, Que. (M. E. Lane, Dist. 










ras 










George H. Rote, Lancaster Malleable Castings Co., Lancaster, Pa. 
Richard E. Vaughn, Branch Mgr., Peninsular Grinding Wheel Co., Detroit. 


QUAD CITY CHAPTER 


Leslie W. Ellis, Melting Dept., Union Malleable Iron Co., East Moline, Ill. 
Dan Murphy, Fdry Fore., Union Malleable Iron Co., East Moline, Ill. 


ROCHESTER CHAPTER 


George C. Hubbard, Supt., Delco Appliance Div., GMC., Rochester, 


SAGINAW VALLEY CHAPTER 


Foster C. Bennett, Met., Dow Chemical Co., Midland, Mich. 
M. C. Godwin, Asst. Supt., Bostick Foundry Co., Lapeer, Mich. 
Charles Schneider, Supt., Brisk Foundry & Machine Co., Imlay City, Mich. 


SOUTHERN CALIFORNIA CHAPTER 


Earl K. Appleman, Refractory Engr., A. P. Green Fire Brick Co., Los 
Angeles. 
Engineering Library, University of California, Los Angeles. 


TEXAS CHAPTER 


Ralph Hassett, Patt. Shop Foreman, Texas Foundries, Inc., Lufkin, Texas. 
H. S. Hipple, Abrasive Engr., Simonds Abrasive Co., Philadelphia. 
Robert C. Wittlinger, Allis-Chalmers Mfg. Co., Milwaukee. 


TWIN CITY CHAPTER 


James H. Anderson, Instructor Fdry. Dept., University of Minnesota, 
Minneapolis. 
Earl F. Kimes, The Dotson Company, Mankato, Minn. 


WESTERN MICHIGAN CHAPTER 


Harvey R. Anderson, Supt., Standard Pattern & Model Works, Muskegon 
Heights, Mich. 
Robert B. Anderson, Standard Pattern & Model Works, Muskegon Heights. 


WESTERN NEW YORK CHAPTER 


Richard H. Beyer, Sec’y., Inter-Allied Foundries of New York State, 
Buffalo, N. Y. 


SHAPE PROGRAM 


For Chicago Conference 


EXPANDING PLANS for the Chicago Regional Foundry 
Conference, Nov. 21-22, neared completion as the 
arrangements committee, meeting recently at the 
National Office under chairmanship of A. W. Gregg, 
Whiting Corp., Harvey, Ill., established the site, the 
Continental Hotel, Chicago, and decided upon a num- 
ber of outstanding speakers. 


Men attending the initial technical session, Thursday 
morning, Nov. 21, will hear a discussion of “Good 
Housekeeping and Plant Maintenance,” by James 
Thomson, chief works engineer, Continental Foundry & 
Machine Co., East Chicago, Ind., who serves as Chair- 
man, A.F.A: Plant and Plant Equipment Committee. 


Malleable section expects to feature at its first session 
a paper by Dr. C. H. Lorig, Battelle Memorial Institute, 
Columbus, Ohio, Chairman, A.F.A. Steel Division, with 
W. D. McMillian, International Harvester Co., Chicago, 
serving as chairman. 


Papers by J. H. Lansing, consulting engineer, Malle- 
able Founders’ Society, Cleveland, member of the 
Executive Committee, A.F.A. Malleable Division, and 
W. R. Jaeschke, Whiting Corp., are scheduled for the 
second and third malleable sessions, respectively; and 
B. C. Yearley, National Malleable & Steel Castings Co., 
Cicero, Ill., and C. C. Lawson, Wagner Malleable Iron 
Co., Decatur, IIl., will act as chairmen. 

Plans for the pattern section call for discussion of 
patterns for the jobbing foundry, metal patterns for 
production foundries, pressure plates, and core boxes 
and core driers. H. K. Swanson, Swanson Pattern and 





WISCONSIN CHAPTER 


John L. MclIlhone, Met., International Harvester Co., Waukesha, Wis. 

Lloyd Quirk, Carpenter Brothers, Inc., Milwaukee. 

Dave A. Salentine, Salentine Equipment Co., Milwaukee. 

Ray Schabowsky, Div. Supt., Tri-Clover Machine Co., Kenosha, Wis. 

Norman James Stickeny, Met. Student, University of Wisconsin, Madison, 
is. 


OUTSIDE OF CHAPTER 


Raymond Lyons, Washington Stove Works, Everett, Wash. 

Muhammad Anwar-ul Haque, State College, Pa. 

*Sonken Galamba Corp., Kansas City, Kan. (Henry C. Deterd- 
ing, Met.). 


Belgium 
N. V. Standaard Boekhandel, Huidevettersstraat 57-59, Antwerp. 


Paul Ropsy, Administrateur Delegue, Societe Belge Griffin, Merxen, Ant- 
werp. 


Brazil 
Dr. Any F. Torres, Director Supv., Cia. Brasileira de Material Ferroviario, 


Sao Paulo. 
China 
Hua Shih-jung, 1193 Rue Lafayette, Shanghai. 


India 
Robert Templeton Bell, Journeyman, B. B. & C. I. Railway, -Ajmer, 


Rajputana. 
South Africa 
Alexander Koppel, Engr., Koppel Engineering Pty. Ltd., Johannesburg. 


. J. Marais, G. & W. Industrial & Chemical Supplies (Pty.) Ltd., 
Johannesburg. 


Sweden 
A. B. Kanthal, Halstahammar. 
Sten Rudberg, Captian, Aktiebolaget Jarnforadling, Halleforsnas. 
Bengt Magnusson, Mech. Engr., Husgvarna Vapenfaboiks A. B. Huskvarna. 
Folke Nilsson, Chief Met. Engr., Uddeholms A/B, Hagfors. 


Switzerland 
Robert Bertschinger, Dr. Ing. habil. Brohburgstrasse 79, Zuerich. 


Model Works, East Chicago, Ind., is chairman of the 
patternmaking committee. 

Clifton Utley, famed news commentator, will be the 
speaker at the conference banquet Thursday night; 
while D. —. Heald, Illinois Institute of Technology, 
Chicago, will address the first luncheon, Thursday; and 
Dean O. W. Esbach, Northwestern Technological 
Institute, Northwestern University, Evanston, IIl., the 
Friday luncheon. 

Address of welcome, Thursday morning, will be de- 
livered by Dr. H. F. Moore, University of Illinois, 
Urbana. 

The Chicago regional conference of 1946 is sponsored 
jointly by the Chicago and Central Illinois A.F.A. 
chapters, Illinois Institute of Technology, Northwestern 
University, and University of Illinois; and is the fourth 
in a series started in 1938. 

The last Chicago regional conference was held in 
October, 1941, at Purdue University, West Lafayette, 
Ind. 


Architect’s drawing of Velsicol Corporation’s new office 
and laboratory now being constructed in Chicago. 
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news 


Central Ohio 


Karol Whitlatch 
Aetna Fire Brick Co. 
Chapter Secretary 


RoUND TABLE DISCUSSIONS of 
melting practices for iron and steel, 
the former led by H. R. Warsmith, 
Jeffrey Mfg. Co., Columbus, Ohio, 
and the latter by F. O. Lemmon, 
Ohio Steel Foundry Co., Springfield, 
Ohio, comprised the technical pro- 
gram of Central Ohio A.F.A. chap- 
ter’s May 27 meeting at the Chitten- 
den Hotel, Columbus. Approxi- 
mately 80 members and guests were 
in attendance for this final meeting 
of the season, also marked by the 
election of chapter officers and di- 
rectors. 

Named Chairman for 1946-47 was 
J. J. Dunbeck, Eastern Clay Prod- 
ucts, Inc., Eifort, Ohio, chapter Co- 
Chairman for the current year, and 
well known to many A.F.A. mem- 
bers as a frequent speaker at chapter 
meetings. R. H. Frank, Bonney- 
Floyd Co., Columbus, currently 
serving as chapter Treasurer, was 
elected Co-Chairman. 

J. S. Schram, Swan-Finch Oil 
Corp., Columbus, was chosen as 
chapter Secretary. 

W. L. Deutsch, Columbus Malle- 
able Iron Co., of that city, was 
elected Treasurer. 

Named to serve one-year terms as 
chapter Directors were: ‘Tom Bar- 
low, Battelle Memorial Institute, 
Columbus, retiring chapter Chair- 
man; H. R. Warsmith; F. O. Lem- 
mon, and Karol Whitlatch, Aetna 
Fire Brick Co., Oak Hill, Ohio. 


New England 


M. A. Hosmer 
Hunt-Spiller Mfg. Corp. 
Association Reporter 


NEW DEVELOPMENT in foundry 
technology supplied the topic of the 
evening for the regular meeting of 
New England Foundrymen’s Associ- 
ation, June 12, at the Engineers’ 
Club, Boston, with 120 members and 
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* CHAPTER ACTIVITIES x 


guests present to hear R. T. Wise, 
consulting engineer, New York, dis- 
cuss “Dielectric Baking of Sand 
Cores.” 

President W. B. Hagerman, Rice- 
Barton Corp., Worcester, Mass., in- 
troduced the speaker of the evening. 
Mr. Wise described the method of 
baking sand cores prepared with a 
special water-soluble binder, which 
process has been developed within 
the past two years. 

Equipment consists of a dielectric 
generator and a conveyor belt run- 
ning through a drying tunnel, and 
is described as compact, easily oper- 
ated and reasonable in price. Setup 
can be located on the molding floor, 
in order to obviate transportation. 

The speaker cited advantages of 
the method, including: short time 
required for baking, giving as an ex- 
ample an instance in which a core, 
requiring one hour by conventional 
methods, was baked in 30 seconds; 
reduction in core oven equipment 
normally required; and good col- 
lapsibility and high tensile strength 






in cores produced. Mr. Wise stated 
that, although the core is thoroughly 
baked, it alone is heated, little or no 
heat being transferred to the sur- 
rounding room or the floor and core 
boxes, plates, etc. The latter, how- 
ever, must be made of non-metallic 
material, such as plastic. 

Mr. Wise presented lantern slides 
to illustrate his points; and follow- 
ing his remarks, the meeting was 
thrown open to general discussion. 


Metropolitan 
C, J. Law 
Worthington Pump & Machinery Corp. 
Chapter Director 

ANNUAL MEETING of Metropolitan 
A.F.A. chapter was he!d at the Essex 
House, Newark, N. J., June 3, with 
150 members and guests attending © 
for election of officers and directors 
and a featured discussion of “Syn- 
thetic Foundry Sands,” by N. J. 
Dunbeck, Eastern Clay Products, 
Inc., Eifort, Ohio. 

Among the guests was Philadelphia 
Chapter Chairman J. M. Robb, Jr., 


Views of the Annual Meeting of Eastern Canada and Newfoundland chapter, 


May 15, at Mount Royal Hotel, Montreal. 


From speaker’s table (top), 


Chapter Vice-President Henri Louette, Warden King, Ltd., Montreal, 
addresses the gathering. 
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(Photo courtesy John Bing, A. P. Green Fire Brick Co.) 

New officers of Northern Illinots-Southern Wisconsin chapter: left to right, 

President John Doerfner, Jr., Gunite Foundries Corp., Rockford, Ill.; Vice- 

President J]. T. Clausen, Greenlee Bros. G@ Co., Rockford; and Treasurer 
Lester Fill, Geo. D. Roper Corp., Rockford. 


Hickman Williams & Co., Philadel- 
phia. 

H. A. Deane, American - Brake 
Shoe Co., New York, retiring Chair- 
man of Metropolitan chapter, re- 
ported a membership of 375, and 
noted the fine attendance at meet- 
ings of the past season. Also cited 
was a gratifying interest in chapter- 
sponsored educational meetings. 

Members next proceeded with elec- 
tions, and H. L. Ullrich, Sacks- 
Barlow Foundries, Inc., Newark, 
N. J., who served as Chapter Vice- 
Chairman for the 1945-46 season, 
was chosen Chairman for the coming 
year. K. A. DeLonge, International 
Nickel Co., New York, was elected 
Vice-Chairman. 

Elected Secretary was J. F. Bauer, 
Hickman Williams & Co., New York. 


D. Polderman, Jr., Whiting Corp., 
New York, was chosen to continue 
as Treasurer, in which capacity he 
has served since the recent transfer 
of H. B. Caldwell, of the same firm. 


Chapter Directors elected to serve 
a two-year term, are: D. Frank 
O’Connor, American Saw Mill Ma- 
chine Co., Hackettstown, N. J.; A. L. 
Fischer, Fischer Castings Co., Plain- 
field, N. J.; B. E. Beldin, Whitehead 
Bros. Co., New York; B. N. Ames, 
U. S. Navy Yard, Brooklyn, N. Y.; 
and Philip Van Duyne, Meeker 
Foundry Co., Newark. T. J. Wood, 
American Brake Shoe Co., Mahwah, 
N. J., was elected Director for one 
year, to complete the unexpired term 
| of Alexander McIntosh. 


In the technical session which fol- 
lowed, Mr. Dunbeck, an active 
member of various committees in 





A.F.A. Foundry Sand _ Research 
Project, stressed the abundance of 
published data on fire clay and ben- 
tonite, available to the foundryman. 
“There is little of the mysterious 
left,” stated the speaker. “The 
foundryman is in position to make a 
wise and intelligent choice of bond.” 

Foundries having a sand reclaim- 
ing system can readily change to 
synthetic sands, Mr. Dunbeck sug- 
gested; while those which have no 
reclaiming system have a_ harder 
problem, as an intimate mixture of 
the sand, selected bond and moisture 
is required. Properties of synthetic 
sands were enumerated; and it was 
indicated that, through purchase and 
application of materials available, 
foundrymen can obtain properties to 
suit his requirements. 

Henry Mackler, Singer Mfg. Co., 
Elizabeth, N. J., acted as technical 
chairman for the general discussion. 


Philadelphia 
E. C. Troy 
Dodge Steel Co. 
Chapter Director 

FINAL MEETING of the current sea- 
son for Philadelphia A.F.A. chapter, 
held May 24 at the Engineers Club, 
Philadelphia, drew a good attend- 
ance, despite the railroad strike, for 
a program featured by three capable 
foundrymen: A.F.A. Gold Medalist 
John Howe Hall, steel foundry con- 
sultant, Swarthmore, Pa., as techni- 
cal chairman; and John Erler and 
G. T. Hassard, both of Farrel Birm- 
ingham Co. Inc., Ansonia, Conn., as 
speakers. 

Mr. Erler, member Executive 
Committee, A.F.A. Gray Iron Divi- 


sion, discussed the need for greater 
cooperation between designer, found- 
ryman and _ inspector — exhibiting, 
through slides, instances of unnec- 
essary casting failures. The speaker 
pointed out that, through ignorance 
of application and of critically- 
stressed areas, foundrymen frequent- 
ly produce a non-serviceable prod- 
uct; and suggested that they work 
together to establish principles that 
will aid designer and foundryman 
alike. 

Following speaker, Mr. Hassard 
presented an interesting and com- 
prehensive description of the manu- 
facture of large gray iron castings, 
comparing costs and results between 
use of full patterns and core box 
assemblies. The speaker expressed 
definite preference for core box as- 
semblies, citing improved quality and 
lower costs in his observations. 

Numerous sidelights to the sub- 
jects discussed were added by the 
technical chairman, Mr. Howe, who 
serves as a member of the Executive 
Committee, A.F.A. Steel Division, as 
well as on several other A.F.A. na- 
tional groups. Mr. Howe also 
brought several interesting questions 
from the floor during the general 
discussion period. 

Earlier, during the business ses- 
sion, results of chapter elections were 
announced. 

Chosen to head the chapter as 
Chairman for the 1946-47 season 
was B. A. Miller, Cramp Brass & 
Iron Foundries Div., Baldwin Loco- 
motive Works, Philadelphia, who 
served as Vice-Chairman during the 
past year. 

E. C. Troy, Dodge Steel Co., Phil- 
adelphia, currently a Chapter Direc- 
tor, was named Vice-Chairman. 

W. B. Coleman, W. B. Coleman 
& Co., Philadelphia, continues as 
Secretary-T reasurer. 

Elected to serve three-year terms 
as chapter Directors were: William 
Morley, Link Belt Co., Olney Fdry. 
Div., Philadelphia, and A. CG. 
Gocher, Fletcher Works, of the same 
city. 


Northeastern Ohio 


W. G. Gude 
The Foundry 
Chapter Reporter 


IN ATTENDANCE FoR Old Timers 
Night at Northeastern Ohio A.F.A. 
chapter, May 23, at the Cleveland 
Club, were 130 veterans of 40 or 
more years in the industry and 4 
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number of prize-winning appren- 
tices, among the 335 members and 
guests. 

Presiding officer at the meeting, 
last of the current season, was Chap- 
ter President A. C. Denison, Fulton 
Foundry & Machine Co., Cleveland, 
who introduced the winners of the 
local apprentice contests and, to- 
gether with H. E. Ennis, secretary, 
Associated Industries of Cleveland, 
presented the awards. 

Successful contestants were: John 
Pietrzyki, Crucible Steel Casting Co. ; 
Steve Grabowski, Meech Avenue 
Foundry; Harold Young, Cleveland 
Trade School; Robert Bina, Cruci- 
ble Steel Casting Co., winner of 
first prize in the A.F.A. National 
Apprentice Contest; Sam Colombo, 
of the same firm; and Jim Kraynak 
and Frank Alabise, West Steel Cast- 
ing Co., all of Cleveland. 

Election of chapter officers and 
directors concluded the business of 
the evening. 

H. J. Trenkamp, Ohio Foundry 
Co., Cleveland, chapter Vice-Presi- 
dent for 1945-46, was elected Presi- 
dent; and Bruce Aiken, Crucible 
Steel Casting Co., of the same city, 
currently a chapter Director, was 
named Vice-President. 

Named to continue as Secretary 
was G. J. Nock, Nock Fire Brick 
Co., Cleveland. 

F. R. Fleig, Smith Facing and 
Supply Co., Cleveland, was re- 
elected Treasurer. 

Elected to three-year terms as 
Directors were: Vincent Sedlon, 
Master Pattern Co.; W. E. Sicha, 
Aluminum Co. of America; F. J. 
Pfarr, Lake City Malleable Co.; 
W. G. Gude, The Foundry, all of 
Cleveland; and C. S. Winter, Du- 
plex Mfg. & Foundry Co., Elyria, 
Ohio. 

Entertainment, which featured the 
balance of the evening, was arranged 
by the committee under chairman- 
ship of L. P. Robinson, Werner G. 
Smith Co., Cleveland. 


Chesapeake 

W. H. Baer 

Naval Research Laboratory 

Chapter Reporter 
ILLUSTRATED DISCUSSION of min- 

ing and processing various grades of 

foundry sands was presented to the 

May 24 meeting of Chesapeake 

“.P.A, chapter, at the Engineers’ 

Club, Baltimore, Md., with Chapter 
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Vice-President David Tamor, Amer- 
ican Chain & Cable Co., York, Pa., 
presiding and H. J. Williams, New 
Jersey Silica Sand Co., Millville, 
N. J., as speaker of the evening. 

Mr. Williams, a member of the 
Committee on Grading and Fine- 
ness, A.F.A. Foundry Sand Research 
Project, accompanied his remarks 
with a series of Kodachrome slides, 
as he discussed such phases as initial 
mining operations, washing, grading 
and storage of sands. In several 
instances, the speaker explained the 
part laboratory control plays in 
establishment of uniform quality. 

Following Mr. Williams’ remarks, 
Mr. Tamor called on Chapter Direc- 
tor H. A. Horner, Frick Co. Inc., 
Waynesboro, Pa., to open the gen- 
eral discussion period; and J. E. 
Crown, U. S. Navy Yard, Washing- 
ton, D. C., together with other mem- 
bers, also contributed comments of 
interest. 


Canton District 
N. E. Moore 
Wadsworth Testing Laboratory 
Chapter Reporter 

SECOND SEASON of the Canton 
District A.F.A. chapter closed with 
its meeting of May 23, at Mergus 
Restaurant, Canton, Ohio, and 84 
members and guests were on hand 
for the introduction of new officers 
and directors and a technical dis- 


cussion of “Core Blowing,” by Zig-' 


mond Madacey, Caterpillar Tractor 
Co., Peoria, Il. 

Mr. Madacey, recently elected 
Chairman of Central Illinois chap- 
ter, presented a comprehensive dis- 
cussion of forming of cores by blow- 
ing. Among advantages cited were: 
speed of production, uniformity of 
quality and accurate dimensions. 
Sand control, which plays an im- 
portant part in elimination of core 
troubles, was discussed at length. 

W. W. Maloney, Secretary, Amer- 
ican Foundrymen’s Association, who 
was among the guests, spoke briefly 
regarding the role of the Association 
in industry, its policies and objec- 
tives, and its plans for the immediate 
future. 

Officers for the coming season and 
new directors were presented by the 
retiring chapter Chairman, H. G. 
Robertson, American Steel Found- 
ries, Alliance, Ohio. 

Current Chapter Vice-Chairman 
I. M. Emery, Massillon Steel Cast- 
ing Co:, Massillon, Ohio, will serve 
as Chairman for 1946-47; and C. F. 
Bunting, Pitcairn Co., Barberton, 
Ohio, was named Vice-Chairman. 
Mr. Bunting was one of the two 
Vice-Chairmen of the 1945-46 sea- 
son. 

Chosen as Secretary was C. B. 
Williams, Massillon Steel Casting 
Co., who has served as Chapter Di- 
rector. 


O. D. Clay, Tuscora Sand Co., 


Members and guests of Northwestern Pennsylvania chapter, who gathered at 
the Moose Club, Erie, May 27, for election of chapter officers, demonstrated 


appreciation and enthusiasm for both the program and the fare. 
‘(Photos courtesy C. H. Gleba, General Electric Co.) 


































(Photos courtesy John Bing, A. P. Green Fire Brick Co.) 


Some of the Old Timers honored at the May 14 meeting of Northern IIlinois- 
‘Southern Wisconsin chapter at the Faust Hotel, Rockford, IIl. 


Canal Fulton, Ohio, continues as 
Treasurer. 

Directors for the three chapter 
areas are: Central, K. F. Schmidt, 
United Engineering & Foundry Co.; 
T. M. Dubs, Canton Pattern & Mfg. 
Co., and M. J. Winters, Winters 
Foundry & Machine Co., all of 
Canton. 

Eastern, H. G. Robertson, C. J. 
Trump, Machined Steel Castings 
Co., Alliance, and F. C. Glass, Dem- 
ing Co., Salem, Ohio. 

Western, Robert Cairnie, Orrville 
Bronze & Aluminum Co., Orrville, 
Ohio; C. W. McLaughlin, Lectro- 
melt Steel Castings Co., Barberton, 
and E. H. Taylor, F. E. Myers & 
Bros, Co., Ashland, Ohio. 


Northwestern Pennsylvania 


E. M. Strick 
Erie Malleable Iron Co. 
Chapter Vice-Chairman 


ANNUAL ELECTION of officers and 
directors was held by Northwestern 
Pennsylvania A.F.A. chapter at its 
May 27 meeting, in the Moose Club, 
Erie, Pa.; and National Director- 
Elect B. L. Simpson, National En- 
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gineering Co., Chicago, presented 
the technical discussion of the eve- 
ning on “The History and Develop- 
ment of the Foundry Industry.” 

Mr. Simpson drew upon material 
from his forthcoming book to por- 
tray the growth of the castings in- 
dustry from its crude beginnings to 
its present status, and asserted that 
the time is drawing near when every 
foundry will be so equipped as to 
make it the best of places in which 
to work. 

Retiring Chapter Chairman, R. W. 
Griswold, Jr., Griswold Mfg. Co., 
Erie, received tribute for his part in 
making the season one of memor- 
able accomplishments, and was ac- 
corded a standing round of applause 
as he turned the gavel over to his 
successor, E. M. Strick, Erie Malle- 
able Iron Co., Erie, current Vice- 
Chairman and elected Cha.rman for 
1946-47. 

John Clarke, General Electric Co., 
Erie, was elected Vice-Chairman. 
Other officers are: 

Secretary, H. L. Gebhardt, United 
Oil Mfg. Co., Erie, who served in 


the same capacity for the 1945-46 
season. 

Treasurer, Douglas James, Coop- 
er-Bessemer Corp., Grove City, Pa 

Directors, term ends 1949: George 
Johnstone, Grove City, Pa.; J. A. 
Shuffstall, National Erie Corp., and 
John Gill, Lakeshore Pattern Works, 
both of Erie. 

Term ends 1948: Clarence Fitts, 
Hays Mfg. Co., Erie; T. M. Beau- 
lac, Chicago Pneumatic Tool Co., 
Franklin, Pa.; and F., J. Eisert, 
Urick Foundry Co., Erie. 

Term ends 1947: R. D. Carver, 
Standard Stoker Co., Erie; J. S. 
Hornstein, Meadville Malleable 
Iron Co., Meadville, Pa.; W. J. 
Miller, F. B. Stevens, Inc., Erie; and 
R. W. Griswold, Jr. 


Southern California 
J. B. Morey 
International Nickel Co. 
Chairman, Publicity Committee 
INTERPRETATION OF BLUEPRINTS 
was the evening’s topic for the May 
24 meeting of Southern California 
A.F.A. chapter, in Roger Young 
Auditorium, Los Angeles; and a 
good crowd of foundrymen turned 
out despite a local transportation 
strike, to hear Assoc. Prof. E. R. 
Mertz, University of Southern Cali- 
fornia, Los Angeles, discuss “Blue- 
print Reading,” and R. A. Lewis, 
Los Angeles Steel Castings Co., of 
that city, detail short cuts to deter- 
mination of casting weights. 
Professor Mertz illustrated his 


Speakers of the evening at Southern 
California chapter's May 24 meet- 
ing, Assoc. Prof. E. R. Mertz (left), 
University of Southern California, 
Los Angeles, and R. A. Lewis 
(right), sales manages, Los Angeles 
Steel Castings Co., of that city, talk 
over the program with Chapter 
President R. R. Haley, Advance 
Aluminum & Brass Co., Los Angeles. 
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fast-moving and instructive remarks 
with a number of practical slides, 
and stressed the relative ease with 
which drawings can be interpreted 
once basic principles are understood. 
The speaker brought out the point 
that foundries are not usually fur- 
nished with a finished machine draw- 
ing, and must, therefore, mark up 
dimensions to include required finish. 

Mr. Lewis then took up the sub- 
ject of weight determination, de- 
scribing various methods and indi- 
cating that even the most compli- 
cated designs may be undertaken 
with confidence after a foundryman 
has acquired a little experience. Sev- 
eral existing types of slide rules and 
estimating cards were discussed. 

Business session of the evening 
featured election of chapter officers 
and directors. Chosen as chapter 
President for the coming season was 
W. D. Emmett, Los Angeles Steel 
Castings Co., of that city, who served 
in the capacity of: Vice-Chairman 
for 1945-46. H. E. Russill, Eld 
Metal Co. Ltd., Los Angeles, Secre- 
tary during 1945-46, was named 
Vice-President. 

L. O. Hofstetter, Brumley-Don- 
aldson & Co., Los Angeles, who 
completes a term as Treasurer with 
this season, was named Secretary. 

Elected Treasurer was E. D. Sho- 
maker, Kay-Brunner Steel Products 
Co., Alhambra, who has been the 
competent chairman of the chapter 
entertainment committee. 

Directors, elected for a two-year 
term, are: J. E. Wilson, Climax 
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Views of the May 24 meeting of Philadelphia chapter, well attended despite 


railroad strike. 


Center (left to right): G. T. Hassard, Farrel-Birmingham 


Co. Inc., Ansonia, Conn., who discussed unnecessary casting failures; techni- 

cal chairman J. H. Hall, foundry consultant, Swarthmore, Pa.; and John 

Erler, Farrel-Birmingham Co., who spoke on manufacture of gray iron 

castings and the need for greater cooperation between foundrymen, designer 
and inspector. 


Molybdenum Corp.; Lester Rankin, 
Alameda Mfg. Co.; Roy Nash, Mag- 
nesium Products, Inc.; and J. B. 
Morey, International Nickel Co., all 
of Los Angeles. 

Following the meeting of May 24, 
Southern California chapter held its 
first annual “Ladies’ Night,” May 
25, at Lakewood Country Club, 


Chicago 
E. F. Ross 
The Foundry 
Chapter Reporter 

PANEL DISCUSSION SUPPLIED an 
interesting and valuable technical 
program for 100 members and guests 
of the Chicago A.F.A. chapter meet- 
ing, May 24, at the Chicago Bar 
Association. A group of capable 
foundrymen, pinch-hitting on the 
topic, “Castings In the Postwar In- 
dustry,” rounded out a meeting that 
was successful despite the national 
railroad strike, which prevented the 
speaker of the evening from fulfill- 
ing his engagement and halted com- 
muter service in the city area 90 
minutes before meeting time. 

Chapter President J. C. Gore, 
Werner G. Smith Co., Chicago, pre- 
sided at the dinner and the annual 
business meeting, at which chapter 


H. J. Williams (left), New Jersey Silica Sand Co., 
addressing the May 24 meeting of Chesapeake 


chapter. 


(Photos courtesy E. T, Myskowski, Naval Research Laboratory) 


officers and directors were elected; 
and Chapter Vice-President L. H. 
Hahn, Sivyer Steel Casting Co., 
Chicago, was in the chair for the 
technical program. 

Keynote address on the panel topic 
was given by A. W. Gregg, Whiting 
Corp., Harvey, Ill. Mr. Gregg, who 
serves as Chairman, A.F.A. Com- 
mittee on Training Graduate Engi- 
neers in Industry, emphasized recent 
developments that will benefit cast- 
ing production and make the 
foundry a better place in which to 
work. 

Outlook for gray iron was por- 
trayed by E. W. Smith, Jr., Lindahl 
Foundry Div., American Gear & 
Mfg. Co., Chicago, who cited ad- 
vance of gray iron during the war, 
improved facilities now available, 
possibilities for economies in produc- 
tion and other similar aspects. 

Higher standards for castings and 
the part they will play in postwar 
industry were reviewed by S. C. 
Massari, A.F.A. National Office. The 
non-ferrous field was discussed by 
Oscar Blohm, Hills-McCanna Co., 
Chicago, member Executive Com- 
mittee, A.F.A. Aluminum and Mag- 
nesium Division, who referred chiefly 
to the two light metals. 

What the foundryman wants in 
the way of patterns was considered 
by H. J. Jacobson, Industrial Pattern 
Works, Chicago, who described a 
questionnaire, designed to obtain all 
pertinent information, which his 
shop submits to customers. Also 
contributing to the discussion were 
Martin Rintz, Continental Foundry 
& Machine Co., East Chicago, Ind., 
and F. B. -Skeates, Link-Belt Co., 
Chicago, IIl. 

Chapter election resulted in ac- 
ceptance by unanimous vote of the 
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Saginaw Valley chapter chose its new officers and directors at the annual 
business meeting, May 2, in Frankenmuth, Mich.; and the photographer 
caught these scenes. Top, an informal chat among: Chapter Chairman J. F. 
Smith, Chevrolet Grey Iron Foundry, General Motors Corp., Saginaw; 
speaker of the evening Morris Bean, Morris Bean Co., Yellow Springs, 
Ohio; W. G. Mixer, Buick Motor Div., General Motors Corp., Flint; and 
Chapter Secretary-Treasurer-Elect F. S. Brewster, Dow Chemical Co., 
Bay City, Mich. 


recommendations of the nominating 
committee. 

Chapter Vice-President L. H. 
Hahn was advanced to President; 
and F. B. Skeates was named Vice- 
President. 

L: C. Smith, recently associated 
with Peninsular Grinding Wheel 
Co., Chicago, was elected Secretary 
(since resigned due to accepting 
position out of town), in which ca- 
pacity he served for the 1945-46 
season. 

Directors elected to serve a three- 
year term are: C. V. Nass, Petti- 
bone-Mulliken Corp., Chicago; 
D. H. Lucas, manufacturer’s repre- 
sentative, Chicago; H. K. Swanson, 
Swanson Pattern & Model Works, 


92 


East Chicago, Ind.; and J. C. Gore, 


retiring chapter president. 


Central Illinois 
C. W. Wade 
Caterpillar Tractor Co. 
Chapter Secretary 

ENTHUSIASM FOR accomplish- 
ments of its abbreviated first season 
(starting December, 1945) and pros- 
pects for the future was evident as 
Central Illinois A.F.A. chapter held 
its last meeting before adjournment 
for summer months, at Jefferson 
Hotel, Peoria, Ill., on May 20. In 
attendance for the first formal elec- 
tion of officers and directors were 
127 members and guests, with Chap- 
ter Chairman L. E. Roby, Peoria 


Malleable Castings Co., Peoria, pre- 
siding. 

National Director-Elect J. E. Kolb, 
Caterpillar Tractor Co., Peoria, first 
National Director elected from Cen- 
tral Illinois chapter, was introduced 
to those present. Speaker of the eve- 
ning was W. A. Hambley, Allis- 
Chalmers Mfg. Co., Milwaukee, 
Chairman, Committee on Analysis 
of Casting Defects, A.F.A. Gray Iron 
Division, who presented a compre- 
hensive analysis of “Casting Defects.” 

Following introduction of Mr. 
Kolb, Chapter Secretary C. W. Wade, 
Caterpillar Tractor Co., presented 
his report, commenting on the splen- 
did progress of the chapter and out- 
lining plans for the coming year. 
Chapter Treasurer A. V. Martens, 
Pekin Foundry & Mfg. Co., Pekin, 
Ill., presented his report on chapter 
finances. 

Election of officers and directors 
was the next order of business; and 
the slate proposed by the chapter 
nominating committee was unani- 
mously accepted. 

Zigmond Madacey, Caterpillar 
Tractor Co., who has served as Vice- 
Chairman since November, 1945, 
was elected Chairman; and A. V. 
Martens, Treasurer for the interim 
period, was named Vice-Chairman. 

Elected Secretary-Treasurer was 
C. W. Wade, who has served as 
Secretary of the group since its 
organization last fall. 

Chapter Directors are: Term ex- 
pires 1949, F. W. Shipley, Caterpillar 
Tractor Co., and L. E. Roby. 

Term expires 1948, V. W. A’Hearn, 
Midwest Pattern Works, Peoria, and 
C. W. Buckler, Superior Foundry 
Co., East Peoria, III. 

Term expires 1947, Adolph Kla- 
witter, Peoria Foundry Div., M. H. 
Detrick Co., Peoria, and Prof. C. E. 
Schubert, University of _ Illinois, 
Urbana. 

Following the election, Chairman 
Roby introduced Mr. Hambley, who 
prefaced his discussion by extending 
his congratulations to the chapter for 
its enthusiasm and outlining briefly 
the growth of A.F.A. in the last ten 
years. Foundrymen, advised the 
speaker, should. stand behind the 
Association, the only society truly 
their own—principally setup, organ- 
ized and used to promote education 
and desseminate information. 

Mr. Hambley quickly demonstrated 
his command of his subject, listing 
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ten types of defects with which his 
remarks were concerned, and going 
into detail in regard to definition 
and cause. A series of slides, pre- 
sented later, emphasized points raised 
in discussion. The speaker asserted 
that all foundries have defect prob- 
lems, and that these can be eliminated 
by getting together and discussing 
them—bringing to bear truth and 
science which solve all problems. 

In adjourning the meeting, Chair- 
man Roby expressed his thanks to 
chapter members for the willing co- 
operation which resulted in a suc- 
cessful season. 


Central New York 
J. A. Feola 
Crouse-Hinds Co. 
Chapter Reporter 

IMPROVEMENTS IN Casting clean- 
ing methods and equipment were 
detailed before Central New York 
A.F.A. chapter, meeting May 17 at 
Onondaga Hotel, Syracuse, with 
Chapter Chairman E. G. White, 
Crouse-Hinds Co., Syracuse, presid- 
ing. Bruce Artz, a member of the 
chapter, and A. L. Gardner, both of 
Pangborn Corp., Hagerstown, Md., 
were speakers for the technical ses- 
sion. 

Mr. Artz discussed at length vari- 
ous types of casting cleaning equip- 
ment and merits of each method; 
and, next, introduced Mr. Gardner, 
who exhibited slides and a short 
movie in the course of tracing de- 
velopments in such equipment from 
the first crude beginnings through 
airless barrels and rooms, water 
cleaning and special installations for 
particular jobs. 

Both speakers pointed out that 
dust has now been virtually elim- 
inated from cleaning departments, 
large work is being handled mechan- 
ically, and castings are being cleaned 
more thoroughly than in the past. 

In the lively discussion period fol- 
lowing their remarks, Mr. Artz and 
Mr. Gardner joined in answering 
the many questions raised by found- 
rymen present. 


Central Indiana 
B. P. Mulcahy 
Citizens Gas & Coke Utility 
Chapter Director 

Ff UNDAMENTAL IMPORTANCE of the 
foundry industry and the depend- 
ence of a mechanized age on ali 
forms of castings were clearly dem- 
onstrated at the May 20 meeting of 
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Central Indiana A.F.A. chapter, in 
the Athenaeum, Indianapolis, as 
National Director-Elect B. L. Simp- 
son, National Engineering Co., Chi- 
cago, discussed “The History and 
Development of the Foundry Indus- 
try.” A. W. Anderson, International 
Harvester Co., Indianapolis, served 
as technical chairman. 

Business portion of the meeting 
was concerned with election of chap- 
ter officers and directors. J. P. 
Lentz, International Harvester Co., 
currently serving as chapter Vice- 
Chairman, was elected Chairman; 
and William Ziegelmueller, Electric 
Steel Castings Co., Indianapolis, a 
chapter Director, was named Vice- 
Chairman. 

Robert Langsenkamp, Langsen- 
kamp-Wheeler Brass Works, Inc., 
Indianapolis, was re-elected Secre- 
tary. 

Fred Kurtz, Electric Steel Cast- 
ings Co., was named Treasurer. 

Chapter D.rectors, chosen to serve 
a three-year term, are: R. S. Davis, 
National Malleable & Steel Castings 
Co., retiring chapter Chairman; Ray 


Fickenworth, C. & G. Foundry & 
Pattern Works; Allen Reed, General 
Refractories Co.; and William Mc- 
Clenon, American Foundry Co., all 
of Indianapolis. 

Howard Kreps, Frank Foundries 
Corp., Muncie, Ind., was elected 
Director, to complete the unexpired 
term of William Ziegelmueller. 


Birmingham District 

J. P. McClendon 

Stockham Pipe Fittings Co. 
Chairman, Publicity Committee 

PANEL DISCUSSION of “Operation 
and Maintenance of Mechanized 
Foundries” was the program of the 
evening May 17, at Tutwiler Hotel, 
Birmingham, as Birmingham Dis- 
trict A.F.A. chapter closed a most 
successful season. More than 100 
members and guests were present for 
the technical discussions and the 
election of chapter officers and di- 
rectors. 

J. A. Bowers, American Cast Iron 
Pipe Co., Birmingham, head of the 
chapter program committee, pre- 
sided during the technical session. 





Enjoying the evening’s program of May 24, at Roger Young Auditorium, Los 
Angeles, new Southern California chapter officers (top) and retiring Chapter 
President R. R. Haley, Advance Aluminum & Brass Co., Los Angeles (second 
from left). New officers are, left to right: Treasurer E. D. Shomaker, Kay- 
Brunner Steel Products Co., Alhambra, Calif.; President W. D. Emmett, 
Los Angeles Steel Castings Co.; Vice-President H. E. Russill, Eld Metal Co. 
Ltd.; and* Secretary L. O. Hofstetter, Brumley-Donaldson & Co., all of 
Los Angeles. 
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Speakers were: Morris Hawkins and 
L. L. Stone, Stockham Pipe Fittings 
Co., Birmingham; and W. J. Moore 
and J. L. Irwin, American Cast Iron 
Pipe Co. 

During the business session, Chap- 
ter Chairman J. A. Woody, Amer- 
ican Cast Iron Pipe Co., reviewed 
the activities and accomplishments 
of the chapter during the past year, 
and expressed appreciation for the 
work of committees and their chair- 
men. 

Report of the chapter nominating 
committee was then presented by 
Chapter Secretary-Treasurer F. K. 
Brown, Adams, Rowe & Norman, 





(Photos courtesy John Bing, A. P. Green Fire Brick Co.) 
Scenes from the May 16 Old Timcrs Night of Wisconsin chapter, at Schroeder 
Hotel, Milwaukee. Bottom row, second from left, Chapter Director H. E. 
Ladwig, Allis-Chalmers Mfg. Co., Milwaukee, presents the president’s ring 
to retiring Chapter President John Bing, A. P. Green Fire Brick Co., Mil- 
waukee. Third photo from left shows Mr. Bing handing a new gavel to 
Chapter President-Elect David Zuege, Sivyer Steel Casting Co., of same city. 


Inc., Birmingham, and the member- 
ship proceeded with elections. 

T. H. Benners, Jr., T. H. Benners 
& Co., Birmingham, Vice-Chairman 
for the current season, was elected 
Chairman; and W. E. Jones, Stock- 
ham Pipe Fittings Co., was elected 
Vice-Chairman. 

F. K. Brown was named to con- 


National Director-Elect B. L. Simpson (second from right, top), National 
Engineering Co., Chicago, shared the speaker’s table with: left to right, 
Chapter Cha:rman-Elect J]. P. Lentz, International Harvester Co., Indian- 
apolis; Chapter Chairman R. S. Davis, National Malleable G Steel Castings 
Co., Indianapolis; A. W. Anderson, International Harvester Co., technical 
chairman; and Chapter Vice-Chairman-Elect William Ziegelmueller, Electric 
Steel Castings Co., Indianapolis, at the May 20 meeting of Central Indiana 
chapter. Mr. Simpson was speaker of the evening on “History and Develop- 
ment of the Foundry Industry.” 








tinue as Birmingham’s Secretary- 
Treasurer. 

Directors elected were: Term ex- 
pires 1949, J. A. Woody. 

Term expires 1948, Thomas Bell- 
snyder, Jefferson Foundry Co.; D. B. 
Dimick, Jr., Dimick Casting Co.; 
and ‘A. S. Holberg, Alabama Clay 
Products Co., all of Birmingham. 

Term expires 1947, J. M. Bates, 
Moore-Handley Hardware Co., Bir- 
mingham. 


Detroit 


ANNUAL MEETING of Detroit 
A.F.A. chapter, at Rackham Educa- 
tional Memorial, Detroit, May 16, 
was concerned with election of offi- 
cers and directors. 

A. H. Allen, Penton Publishing 
Co., Detroit, who served as Vice- 
Chairman for the past season, was 
elected Chairman; and C. E. Silver, 
Michigan Steel Castings Co., De- 
troit, who has served as Chapter 


- Director, was named Vice-Chair- 


man. 

R. E. Cleland, Eastern Clay Prod- 
ucts Inc., Detroit, was chosen to con- 
tinue as Secretary. 

W. W. Bowring, Frederic B. 
Stevens, Inc., Detroit, was re-elected 
Treasurer. 

New chapter Directors, elected to 
serve a three year term, are: Pierce 
Boutin, Pontiac Motor Div., General 
Motor Corp., Pontiac, Mich.; E. |. 
Burke, Hanna Furnace Corp., De- 
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troit; R. L. Orth, American Foundry 
Equipment Co., Detroit; and W. N. 
Seese, J. S. McCormick Co., Grosse 
Pointe Farms, Mich. 

E. C. Hoenicke, Foundry Div., 
Eaton Mfg. Co., Detroit, retiring 
Chapter President, was named Direc- 
tor, to serve a one-year term. 


Rochester 

D. E. Webster 

American Laundry Machinery Co. 
Chairman, Publicity Committee 

TRIBUTE WAS PAID, at the annual 
business meeting of Rochester A.F.A. 
chapter, May 14, at the Hotel Sen- 
eca, Rochester, N. Y., to Chapter 
Director Henry B. Hanley, Ameri- 
can Laundry Machinery Co., Roch- 
ester, who served as first Chapter 
President (1944-45) , and was instru- 
mental, earlier, in organization of 
the chapter. 

The occasion, attended by 93 
members and guests, was designated 
“Henry Hanley Night” and, follow- 
ing brief remarks by V. L. White- 
head, Jr., Buffalo, N. Y., a member 
of Western New York chapter, and 
Rochester Chapter Director H. G. 
Hetzler, Hetzler Foundries, Inc., 
Rochester, the guest of honor was 
presented with a gift by Chapter 
President W. F. Morton, The An- 
stice Co. Inc., of the same city. 

In reply, Mr. Hanley, who is also 
a past A.F.A. National Director, 
stressed good fellowship developed 
by A.F.A. chapter activities, and dis- 
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cussed some of the highlights of his 
own foundry career. 

As the next order of business, 
Chapter Secretary-Treasurer C. B. 
Johnson, Symington-Gould Corp., 
Rochester, reported on the chapter’s 
financial standing and membership 
growth, commenting on the excel- 
lent attendance at meetings during 
the past year. Mr. Johnson intro- 
duced two new members: G. L. Cox, 
International Nickel Co., Rochester; 
and George Hubbard, Delco Ap- 
pliance Div., General Motors Corp., 
Rochester. 


Recommendations of the chapter 
nominating committee were pre- 
sented by its chairman, Chapter 
Director H. G. Hetzler, and the pro- 
posed slate of officers and directors 
for 1946-47 was accepted by unani- 
mous vote. 


Elected President was W. G. Bray- 
er, Bausch & Lomb Optical Co., 
Rochester, who served as chapter 
Vice-President during the 1945-46 
season; while L. C. Gleason, Gleason 
Works, Rochester, currently serving 
as a Chapter Director, was named 





Vice-President of the Rochester 
chapter. 

L. C. Kimpal, Rochester Gas & 
Electric Corp., of that city, assumes 
the position of Secretary-Treasurer. 

Chapter Directors are: Term ex- 
pires 1949; H. G. Hetzler, J. E. Mc- 
Henry, Gleason Works, and C. B. 
Johnson, 

Term expires 1948; D. E. Web- 
ster, American Laundry Machinery 
Co.; D. D. Baxter, Sterling Wheel- 
barrow Co., Rochester; and N. F. 
Clement, Rochester-Erie Foundry 
Corp., Rochester. 

Term expires 1947; W. F. Mor- 
ton, H. B. Hanley, and M. T. Gan- 
zauge, General Railway Signal Co., 
Rochester. 


Northern California 

C. R. Marshall 

Chamberlain Co. 

Chairman, Publicity Committee 
HARMONY IS THE KEYNOTE to 

advancement in the foundry, old 

timers and apprentices agreed, as 

they swelled attendance to a record 

152 at Northern California A.F.A. 

chapter’s May 16 meeting in their 


Old Timers Night at Northeastern Ohio chapter, May 23, at the Cleveland 
Club. Bottom, among those honored was this group of men with 50 or more 
years service in the industry. Top left, a group of apprentice prize-winners 
who received awards and were introduced to the meeting by the presiding 
officer, Chapter President A. C. Denison, Fulton Foundry & Machine Co. 
Inc., Cleveland, shown at extreme right, top, seated at speaker's table with 
Chapter Vice-President-Elect Bruce Aiken, Crucible Steel Casting Co., 
Cleveland. 
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Sidelights on Northern California chapter's Old Timers and Apprentices 
Night, May 16. Left, Charles Hoehn, Sr., Enterprise Engine @ Foundry Co., 
San Francisco; Chapter Vice-President Richard Vosbrink, Berkeley Pattern 
Works, Berkeley; and Chapter President Charles Hoehn, Jr., Enterprise 
Engine @ Foundry Co., seem to be enjoying the entertainment, which in- 
cluded award-winning performance by soloist Manuel Codero (center), 
Phoenix Iron Works, Oakland, a 35-year old timer. Right, National Director 
S. D. Russell, Phoenix Iron Works, who reported on the Golden Jubilee Con- 
vention, shown with Mrs. Russell as they prepared to depart for 50th Annual 
A.F.A, Convention. 


honor, held at Hotel Alameda, Ala- 
meda, Calif.; Chapter Director A. 
M. Ondreyco, Vulcan Foundry Co., 
Oakland, Calif., handling the pro- 
gram, and Chapter President Charles 
Hoehn, Jr., Enterprise Engine & 
Foundry Co., Oakland, presiding at 
the business session. 

Among old timers present were: 
Charles Hoehn, Sr., Enterprise En- 
gine & Foundry Co., 56 years in the 
industry; Alexander Guild, Vulcan 
Foundry Co., 52 years, and George 
Guild, of the same firm, 46 years; 
Charles Payne, San Francisco Iron 
Foundry, Inc., San Francisco, 46 
years; August Souza, 35 years, and 
Les Moseno, 30 years, both of the 
Vulcan company; and John Gon- 
zalves, H. C. Macaulay Foundry 
Co., Berkeley, Calif., 30 years. 

Rounding out the total of honored 
guests were 25 apprentices, many of 
whom were attending their first 
meeting of the chapter; W. B. Law- 
rence, coordinator, Berkeley schools, 


and R. A. Paul, assistant editor, 
Western Machinery and Steel World, 
San Francisco. 

Program chairman Andrew On- 


-dreyco first called on National Direc- 


tor S. D. Russell, Phoenix Iron 
Works, Oakland, who presented an 
inspiring picture of foundry progress 
with a report on the Golden Jubilee 
Convention in Cleveland. Mr. Rus- 
sell described the highly interesting 
exhibits and activities at the Con- 
vention itself, and installations and 
methods seen during plant visita- 
tions; and discussed briefly litera- 
ture on new equipment and foundry 
supplies which he collected while at 
Cleveland. 

Following speaker, Mr. Hochn, 
Sr., sounded the keynote for the old 
timers, relating many interesting an- 
ecdotes of the “old days.” Much of 
the progress in foundries of the area, 


Mr. Hoehn suggested, resulted from 
ideas and skills of workers of many 
nationalities, who were attracted to 
the locality. 

Alexander Guild, who has been 
associated with Phoenix Iron Works 
since 1907, praised the activities of 
A.F.A., stating that it had “educated 
the employer,” thus making the 
work of the employees easier. 

Mr. Ondreyco, himself an old 
timer, added a few remarks before 
calling on Joe Melling, H. C. Mac- 
aulay Foundry Co., apprentice in- 
structor, who discussed apprentice 
training. Mr. Melling stressed that 
“owners must take an interest in 
apprentices.” “Boys should be given 
a wide variety of work, and not crit- 
icized if they make mistakes. Try 
to build confidence,” he said. 

William Hinde, Lynch Brass & 
Aluminum Foundry, Oakland, added 
his comments on the subject; and 
Joe Monte Verda, leadingman mold- 
er, Mare Island Navy Yard, gave a 
brief resume of apprentice training 


at Mare Island, Calif. 


Cincinnati District 


J. S. Schumacher 
Hill & Griffith Co. 
Chapter Vice-Chairman 


CupoLA CHARGING methods, by 
hand and mechanical means, were 
evaluated and compared for 85 
members and guests of Cincinnati 
District A.F.A. chapter, at the May 
13 meeting, in Engineering Society 
Headquarters, Cincinnati, by J. N. 
Richardson, Modern Equipment Co., 
Port Washington, Wis.; while wide 
variety in foundry setups were indi- 
cated through showing of three mo- 


(Concluded on Page 109) 


View of the record attendance at Northern California chapter's Old Timers 
and Apprentices Night, at Hotel Alameda, Alameda, Calif., May 16. 




















NEW LITERATURE 








Problem of foundry patternmak- 
ers, faced with current heavy de- 
mand for lumber, is recognized in 
issuance by Western Pine Associ- 
ation, 510 Yeon Building, Portland 
4, Ore., of two illustrated 20-page 
booklets: No. 40, “Sugar Pine for 
Perfect Patterns,” and No. 41, 
“Idaho White Pine Ideal for Wood 
Patterns.” Both are offered free of 
charge. Numerous suggestions on 
grade utilization are included; and 
it is noted that proper utilization of 
maximum number of grades will de- 
crease difficulties in obtaining mate- 
rial. Description of each grade suit- 
able for patterns is incorporated; 
along with a list of standard manu- 
factured sizes of rough and dressed 
selects, factory and board grades, 
and helpful suggestions on seasoning 
and storage. 


“Photoelastic Stress Analysis,” is 
surveyed in an 8-page folder, offered 
free of charge by Eastman Kodak 
Co., Rochester 4, N. Y. Background 
information and basic working speci- 
fications for this technique are given. 


Production standards, methods, 
laboratory control facilities and his- 
tory of Caterpillar Tractor Co., Pe- 
oria, II]., are portrayed in a 32 page 
booklet, “Men of Vision,” presented 
by the company. Development of 
tractor equipment from the days of 
the firm’s early predecessors to the 
present is described and interpreted 
in terms of mechanical pioneering 
and economic and social signifi- 
cance. Numerous illustrations pic- 
ture the company’s products and 
facilities and their applications. 


Consideration is given one of in- 
dustry’s important machine tool 
problems in “Depreciation vs. Ob- 
solence,” an illustrated booklet pub- 
lished by Kearney & Trecker Corp., 
Milwaukee 14. Statistics are pre- 
sented on an economic aspect of 
operations vital to every business. 


Installation pictures and easy to 
use tables and charts on temperature 
conversion and thermal efficiency of 
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fuels are contained in a 16-page 
booklet, “Engineered Heat,” de- 
signed for engineers and production 
men. Included is descriptive infor- 
mation on soaking pits, various types 
of heating furnaces and auxiliary 
equipment manufactured by Salem 
Engineering Co., Salem, Ohio, from 
whom copies are obtainable on re- 
quest. 


Specifications and applications of 
Jessop steels are presented in a 16- 
page catalog issued by Jessop Steel 
Co., Washington, Pa. 


“Products of Eaton,” describing 
items made by Eaton Manufacturing 
Co., Cleveland 10, for automotive, 
marine and airplane fields, is a well 
illustrated 44-page booklet now 
ready for distribution. Several new 
products scheduled for production, 
as well as the established line, are 
described and shown. 


Detailed information on the new 
60x96-in. “Wheelabrator Tumblast” 
—largest ever built, including in- 
stallation photographs, construction 
features, overall dimension drawings 
and specifications, are contained in 
16-page Catalog No. 264, obtainable 
from American Foundry Equipment 
Co., 555 South Byrkit St., Misha- 
waka, Ind. 


“Shot Peening ... What it Means 
to You,” is title of a 16-page bro- 
chure, illustrated with drawings 
charts and photographs, covering 
application of shot peening and in- 
corporating performance data. Re- 
sult of two years preparation, the 
booklet will be sent at no charge on 
request to Pangborn Corp., Hagers- 
town, Md. 


Visit to a modern steel foundry 
can be accomplished in the pages 
of a handsomely illustrated brochure, 
“100 Acres of Skill and Steel—a 
Visit to Scullin Steel Co., St. Louis,” 
just published by the company. Fur- 
nace and laboratory operations are 
illustrated, and successive steps in 
production of castings are pictured. 


Information on the company’s war 
and peacetime products is given. 
Copies free'on request from Scullin 
Steel Co., 6700 Manchester, St. 
Louis, Mo. 


New additions to foundry litera- 
ture available at no charge to mem- 
bers of the industry, from Whiting 
Corp., Harvey, Ill., are: “Useful 
Information for Foundrymen,” Bul- 
letin FY-40, a forty-page revision 
of the popular publication formerly 
known as “Useful Information,” 
containing tables, data and general 
information and bound in handy 
pocket size; “How to get Uniformity 
in Hot Metal,”. Bulletin FY-139, 
containing illustrations and charts 
showing features of Cradle Furnaces; 
“Presenting the Pour-Rite Ladle,” 
Bulletin FY-141, describing this new 
unit featuring air-cooled trunnions; 
and “Crane Maintenance Cost 
Record,” a handy, simple form on 
which figures from maintenance 
work orders and time and material 
tickets are entered to show which 
cranes pay their way. 


Complete information on, the line 
of conveyor, transmission and ele- 
vator belts manufactured by Hewitt 
Rubber Div., Hewitt-Robins, Inc., 
Buffalo, N. Y., is included in a loose- 
leaf two-color catalog, written in 
simple non-technical terms. Mainte- 
nance suggestions on prolonging belt 
life are given; sectional drawings 
demonstrate belt construction, and 
applications are shown in_ plant 
photographs. Copies may be secured 
on request. 


Foundrymen and designers will 
firid information, on properties and 
advantages of “Ternalloy” alumi- 
num alloys in a new illustrated bulle- 
tin available from National Smelt- 
ing Co., 6700 Grant Ave., Cleve- 
land 5. Details of aging character- 
istics and physical properties as sand 
or chill cast, are included. 


Basic information on materials 
and methods used in making re- 
fractory concrete for different tem- 

(Continued on Page 102) 


99 





Seduce —_._. MODERN HEADQUARTERS FOR NON-FERROUS METALS 


ALUMINUM - BRASS - BRONZE - 
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CHEMICAL CONTROL —The products of a mod- 
ern smelter are engineering materials produced to 
meet the specific requirements of the industrial de- 
signer. In Federated, precise chemical and metal- 
lurgical control is used in each step of the smelting 
process. The metal is tested before it goes into the 
furnace, while it is in the furnace, and after it leaves 
the furnace —a triple check on quality and uniform- 
ity. The modern equipment used by Federated to 
do this job includes chemical apparatus, spectro- 
graph, polarograph, and colorimeter. The laboratory 
illustrated is only one of the many we have through- 
out the country to serve you. 


FEDERATED METALS DIVISION 
American Smelting and Refining Company 
120 Broadway, New York 5, N. Y. 
Nation-wide service with offices in principal cities 
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Take a load off your mind .. . eli 


nate once and for all the trou 
some, costly problem of ram-offs 
it with MILWAUKEE Jolt Squeez 
designed to maintain the orig! 
parallelism between table and ple 
when squeezing, regardless of 

pin wear — a type of construc’ 
that makes ram-offs impossible. | 


MILWAUKEE Jolt Squeezers are 
gedly constructed. Cylinder, pis 
and jolt table are close-grained, s¢ 
steel castings machined to close! 
erances to insure long life... ¢ 

piston rings of uniform tension 
on both the jolt and squeeze pisi 

... the guide pin is a drive fit in 
jolt table, and operates in a cl¢ 

fitting bushing pressed into the 

inder. Back frame and arm are | 

] YY. steel for rigidity to prevent deflec 
a oe when pressure is applied. Rene’ 
ble surfaces are provided at wi 


No. 108 ‘No. 124 q “titi ing points to simplify and red 
STATIONARY TYPE - PORTABLE TYPE # maintenance. 24 

; (above) (right) : : ee : 

ir Squeezing piston. 12” squeezing piston: = a —  *} Write for complete details on depé¢ 


thee — : heey end £) on BN able MILWAUKEE Jolt Squeezers 


Methead, self-clean- stable. SS s aN enable you to produce better m 
ing valves, ae ae és ee ee N at. lower cost. 


‘a 


23° Ww. PIERCE STREET, AV “SQ = MILWAUKEE 4, WISCONSIN, U.S.A 











WE'VE LICKED 
POROSITY IN_. 





K & W METHOD SHOWS 
TREMENDOUS SAVINGS 


Thousands of dollars worth of castings — upon which 
thousands of dollars in machining labor have been 
expended — are being reclaimed daily through the 
K & W method by some of the industry’s most impor- 
tant production foundries. 

The K & W method has proved particularly successful 
on engine heads and blocks in the automotive industry 
where it has had the widest application. 


mwestigale 
§ METHOD 


OF RECLAIMING 
POROUS CASTINGS 









It is fitted admirably into mechanized production 
techniques by K & W engineers. 









It is applicable to all types of castings intended 
to retain liquids or air under pressure and is 
effective on practically all metals and alloys. 








It costs little — an infinitesimal fraction 
of the cost of the casting itself. 






It is demonstrated without obligation 
—in your plant upon your product — 
by K & W engineers. 


KERKLING & COMPANY 


334 North Ogden Avenue, Chicago 7, Illinois 
Bloomington, Indiana; and Chicago 






Industrial Division: 


Plants 


Burbank, California; 





New Literature 
(Continued from Page 99) 
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perature and insulating requirements 
are given in a 24-page booklet, 
“Lumnite for Refractory Concrete,” 
incorporating service experience and 
laboratory investigations since publi- 
cation of first edition in 1938. 
Copies may be obtained from Atlas 
Lumnite Co., 135 East 42nd St., 
New York 17. 


Control valves of many types are 
illustrated and described in a 12- 
page booklet of factual data, Bulle- 
tin 107, designed for the man who 
buys or specifies control valves. Dis- 
tributed on request, by C. B. Hunt 
& Son, Salem, Ohio. 


Accessories and attachments for 
horizontal boring machines are 
shown and described in a new 48- 
page book issued by Giddings & 
Lewis Machine Tool Co., Fond du 
Lac, Wis. Unusual arrangement of 
information provides quick, easy ref- 
erence as to how, when and where 
to use each item listed; and actual 
operations photographs are shown 
in each case, while pertinent data 
is carried in an adjoining box. Book 
will be sent free on request. 


Instant reference to information 
contained, through a pull-card index 
on cover, is one feature of “Pattern 
Buyer’s Guide,” just published by 
Mastern Pattern Co., 1315 Main 
Ave., Cleveland 13. Designed to as- 
sist in selection of equipment suit- 
able to requirements of job, the 19- 
page illustrated booklet also contains 
a glossary of trade terms. Available 
on request. 


Broad usefulness of “Bearcat Life- 
long Arbors” in wood and metal- 
working industries is stressed by Pax- 
son Co., Dowagiac, Mich., which has 
issued Bulletin 246-1, presenting 
complete specifications of the units 
and various applications. Bulletin 
available on request. 


Microfilming in business and in- 
dustry is subject of “50 Billion 
Records Can’t Be Wrong,” hand- 
illustrated, 36-page, ring- 
bound booklet published by 
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Recordak Corp. (subsidiary of East- 
man Kodak Co.), 350 Madison 
Ave., New York 17. Fundamentals 
of microfilming—for preserving valu- 
able records, saving storage space 
and speeding up reference to office 
records — are explained. All types 
of equipment, .including war devel- 
opments available to industry for the - 
first time, are shown and discussed: 
Services — Facsimile Service for 
paper prints of business records; 
Microfilming Service for businesses 
where volume does not require in- 
stallation of equipment; and 
Recordak Field Service for consul- 
tation on adapting microfilming to 
specific needs—are reviewed. 
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American Foundry Equipment 
Co., 555 South Byrkit Street, Mish- 
awaka, Ind., has issued two new 
catalogs describing its line of foundry 
equipment: Catalog 25A contains 
12 pages of specifications, dimen- 
sions and photographs showing con- 


struction and operation of the DOUGHERTY 


“Model AM Sandcutter,” as well as PERFECTION 


other models of the unit. Bulletin ean 
10A, in 8 pages, describes all models ; PATTER LUMeER 
of the “Core Rod Straightner and 


Shear Machine,” presenting many 


illustrations as well as specifications 
and operating data. ¢g M 
| eee aves You On ey 


Working data and theories regard- 
ing basic foundry materials are avail- 
able in a revised edition of “Foundry 
Sand Practice,” by Clyde A. Sanders WHITE PINE — MAHOGANY — PLYWOOD 
and issued by American Colloid Co., 


363 W. Superior St., Chicago. Steel, Resistance to warping, cracking, and hardening can mean only 
gray iron, malleable and non-ferrous one thing—fewer, hours required to produce a pattern; there- 
applications are discussed in the 80- fore, lower costs. Perfection pattern lumber is a quality product, 
page booklet, and a section on cast- sawn from old growth logs and kiln dried in our own plant. 
ing defects and their causes is Shortages prevent filling all orders but we are doing our best 
included. Sample formulas are given to keep up with the demand. 

for various types of work. Among 

subjects considered are: advantages w Ww Ww 

of . synthetic over natural sands, Hardboard for templates and lagging, dowels and boards... 


selecting the base sand, density—its 
significance in proper sand selection, 
moisture, blending molding sand 
bonds, and compression vs. tensile 
measurement, 


UNION TY 
Design and performance of Ten- A ER t 
nant “Model 15” disc-type floor WwW HOLES LE DOUGH OHIO KEYSTON 
machine, for such operations as pol- UNGSTOWN 8, oHIO | cLEVELAN *. abi 
ishing, scrubbing and ‘rug cleaning, ot 4-5189 Phone: Diamon 
ave described and shown in Bulletin | 
&1.9, issued by G. H. Tennant Co., / 


4 ; 
2530 2nd Street North, Minne- L U Bey gs rg R Cc © BA > 7. | YY 


skids and crating for large castings or machinery. 
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CLEANER AIR THROUGHOUT THE FOUNDRY 


A most rapidly growing trend in the foundry industry is the exten- 
sion of dust control to cover all dust-creating operations. Foundries 
which a few short years ago were content to ventilate the cleaning 
room and shake-out operations, now have complete Schneible Multi- 
Wash Dust and Fume Control Systems throughout the foundry. 


A Schneible system we dividends in increased human efficiency, 
° 


aids in attracting and holding better grade labor, and plays a part 
in lessening rejects and increasing output. 


Schneible equipment includes dust collectors, hoods, ductwork 
and ducting installations required to maintain clean air throughout the 
foundry — including the con- 
tinuous removal of dust and 
fumes from all dust creating 
zones. These systems give a 
thorough cleaning of the con- 
taminated air by the Multi- 
Wash method, separation of 
the water from the sludge for 
further use in the collector [i'ma Tal)? amma 
5 and disposal of the a 

Write for informative bul- 
letins and let our foundry- 
trained engineers suggest the 
ideal system for your foundry. 


CLAUDE B. SCHNEIBLE CO. 
2827 Twenty-Fifth St., Detroit 16, Mich. 
Engineering Representatives in 


Principal Cities 


mauustrial D 


Plants: Bur] 
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Wire Rope Looper 


Nunn Manufacturing Co., Evans- 
ton, Ill., has developed “Cable-Vise,” 
which forms a loop in wire rope 
through turning one hex nut with 
an ordinary wrench. Vise auto- 
matically compensates for sizes, and 
holds loop firmly through clamping 
or splicing operations. Equipped 
with swivel base accommodating 
vice in either vertical or horizontal 
plane, and permitting rotation 
through 360° in that plane. 


Pyrometer 


Pyrometer Instrument Co., 103 
Lafayette St., New York 13, has 


designed an all-purpose instrument, 
featuring a selection of eight differ- 
ent types of thermocouples, quickly 
interchangeable without adjustment 
or recalibration. Selection is offered 





All-purpose surface pyrometer, fea- 

turing eight interchangeable thermo- 

couples designed to permit adapta- 

tion of unit to surface temperature 

measurement under varying condi- 
tions. 


of five different temperature ranges. 
Unit is completely self-contained, 
portable and compact, and is con- 
structed in a shock, moisture and 
dust-proof steel housing. Large 434- 
in. diameter indicator with 4-in. 
direct reading scale is designed for 
speed and accuracy, and unit is en- 
gineered for wide-variety of pyro- 
meter applications. 


Shoe Ventilator 
Dale Vent-O-Sole, Inc., 60 East 
42nd St., New York 17, reveals avail- 
ability: to,industry of washable shoe 
ventilator designed to prevent wors- 
ening of blisters and athlete’s foot, 
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and permit workmen under treat- 
ment to remain on job. Adopted as 
Government Issue, under designa- 
tion “Innersoles Plastic, Ventilating 
Type, Fused,” the ventilators are not 
medicated. Function is entirely 
mechanical, air being pumped into 
shoe and circulated by as wearer 
steps. 


Polishing Machine 


G. H. Tennant Co., 
has introduced an 


Minneapolis, 
“all-purpose” 


drum-type floor machine, accommo- 
dating 8 and 16-in. accessories, 
which cleans, waxes and polishes in 
a single operation. Suitable for all 
types of floors, unit design allows 
operation flush to walls, desks and 
machinery. 


Liquid Cleaner 


Penetone Co., Tenafly, N. J., has 
developed a new liquid, water-sol- 
uble detergent compound of high 


(Continued on Page 106) 








foundry Bentonite. 


Akron, Ohio...... . Stoller Chemical Co. 
Birmingham, ge os . Foundry Service Co. 
Boston, Mass. , .Klein-Farris Co., Inc. 
Buffalo, N. ‘.. ae Weaver Materiel Service 
a apy Tenn. .Robbins Equipment Company 


“heres a stock of 





From any one of the locations shown below . . 
prompt shipments of Schundler Bentonite . . 


- you can get 
. a first quality 


Los Angeles, Calif. .F. E. Souter Bentonite Co. 
(Inc. of California) 
Milwaukee, Wis......... Thomos H. Gregg Co. 


Minneapolis, Minn........... Smith-Sharpe Co. 
sro disascceka Marthens Company 
New Orleans, la......... Barada & Page, Inc. 


Oklah City, Okla...... Barada & Page, Inc. 





Chicago, Ill. . Searens * — Co. 
eS SO eee ee 
Chicago, lll. . “Wieden, uae Co. 


Cincinnati, Ohio. ‘ ss aE ; Delhi Foundry Sand Co. 


Coldwater, Mich... .The Foundries Materials Co. 


Detroit, Mich.......The Foundries Materials Co. 
A See Barada & Page, Inc. 
Edwardsville, Ill... . Midwest Foundry Supply Co. 
Hammond, Ind...... The Foundries Materials Co. 
Houston, Texas........... Barada & Page, Inc. 


Kansas City, Mo.. .Barada & Page, Inc. 

Long Island City, NY. FE. Schundler & Co., Inc. 

Los Angeles, Calif. . .Ind. Fdy. Supply Co. 
Toronto, Ontario, Canada.. 








.»Muir Foundry Supplies, Ltd. 


F. E. SCHUNDLER & CO., 
540 RAILROAD STREET © JOLIET, ILLINOIS 


SCHUNADLER 


Philadelphia, Pa...Penna. Fdy. Sup. & Sand Co. 
Portland, Ore. . Miller & Zehrung Chemical Co. 
St. Louis, DOK sews: Midwest Foundry Supply Co. 


San Francisco, Calif.......Ind. Fdry. Supply Co. 
SONG, WR 5 nals o Kadieckn Carl F. Miller Co, 
WR CN ae slos cos eos Barada & Page, Inc. 
Wichita, Kans............ Barada & Page, Inc. 
Mexico D. F., Mexico......... N. S. Covacevich 


Montreal, Quebec, Canada— 
(All Provinces) . .Canadian Industries , Ltd. 


INC. 
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"OLIVER" 


36-Inch 


BAND SAW 





A powerful, sturdy machine —the finest 
built. Cuts true, smooth and steady. Has 
extra large capacity under guide. Disk 
wheels, mounted on ball bearings, ma- 
chined to fine running balance. Demount- 
able rims with live rubber tires. Motor- 
Frictionless band saw 


on-shaft unit. 
guides, 


Write for Bulletin No. 116D 


OLIVER MACHINERY COMPANY 
GRAND RAPIDS 2, MICHIGAN 











SILVERY 


The. choice of Foundries 
who demand the best. 
“Sisco” Silvery is a “must” 
in the modern foundry. Its 
use means better castings 
at lower cost. It supplies 
the needed silicon. 


















Full information upon 
request. 


@ VIRGIN ORES 
@ LADLE MIXED 
@ MACHINE CAST 


tHe SACKSON 
IRON & STEEL CO. 


JACKSON, OHIO 
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alkalinity, designed to remove grease, 
oil and grime accumulations from 
all surfaces on which steam cleaning 
is employed. Compound is said to 
be potent, yet harmless to paint or 
other finishes. No pre-mixing is re- 
quired; liquid is instantly soluble in 
water, and is introduced, in correct 
proportion, directly into the equip- 
ment tank with the water. 


Horizontal Grinders 

Master Pneumatic Tool Co. Inc., 
Cleveland, has announced a new 
line of “Master Power’ horizontal 
grinders. Features are: Industrial 
hard chrome used on main wearing 
parts; light weight through use of 
magnesium housings; maintained 
speeds, through positive, quick-act- 
ing push valve governors; and sure 
grip handles, of new design, on 
wheel end and throttle. Eight 


models are included in line. 


Sand Conditioner 
Beardsley G Piper Co., 2540 N. 
Keeler Ave., Chicago 39, offers a 
new,-and improved “Model M 
Screenarator,” that cleans, cuts, 
screens, double-aerates and blends 
sand for production foundries and 


. job shops. Basic design is retained, 


with several mechanical changes in- 
corporated to simplify operation and 
facilitate longer trouble-free service. 


Improved portable Model “M” 
Screenarator, with pneumatic tires 
and retractable handle to permit 
greater mobility, and wheel-locking 
brace mounted to frame. 





iacapncrccice een accemmeee 


An A.F.A. Publication ... 


Recommended 
Practices 
for 


NON-FERROUS 
ALLOYS 


Information contained in this 
‘mportant New A.F.A. publication 
has been compiled by the Recom- 
mended Practices Committee of 
the A.F.A. Brass and Bronze Divi- 
sion, and the Committees on Sand 
Casting of the A.F.A. Aluminum 
and Magnesium Division. 

A book that provides non-fer- 
cous foundrymen with accurate, 
up-to-date data for the production 
of practically any non-ferrous 
alloy casting, and enables them to 
check present production prac- 
tices against accepted standards 
and wide experience. 

An indispensable reference work 
wherever non-ferrous metals are 
cast ... compiled by many lead- 
ing foundrymen and metallurgists. 
Contains 159 pages, 42 tables, 35 
illustrations; cloth bound. 


Se 


Some of the VALUABLE 


INFORMATION in this book... 

Molding Practice . . . Finishing Practice 

. « . Melting and Pouring . . . Heat Treat- 

ment ... . Causes and Remedies of Defects 
- Properties and Applications . . 


for the following alloys: 

@ Leaded Red and Leaded Semi-Red 
Brasses. @ Leaded Yellow Brass. @ High- 
Strength Yellow Brass and Leaded High- 
Strength Yellow Brass (Manganese Bronze). 
@ Tin Bronze and Leaded Tin Bronze. 
@; High-Lead Tin Bronze. @ Leaded Nickel 
Brass and Bronze Alloys (Silicon Bronze). 
e@ Aluminum’ Bronze. e@ Aluminum-Base 
Alloys. @ Magnesium-Base Alloys. 


$25 
To A.F. A. Members 


ORDER YOUR COPIES PROMPTLY! 


AMERICAN FOUNDRYMEN'S 
ASSOCIATION 


222 W. Adams St., Chicago 6, Ill. 








AMERICAN FOUNDRYMAN 








Main frame has been re-designed, 
and handle has been re-located and 
made retractable; unit can be moved 
without passing around to opposite 


end of machine. Conditioned sand 
may be discharged 25 feet and ele- 
vated from 2 to 10 feet depending 
on requirements. 


Lighting Fixture 

Colonial Lighting Co. Inc., 2901 
Tonnele Ave., North Bergen, N. J., 
announces a new “Colonial Wood- 
worth” cold cathode fluorescent 
lighting fixture, for ceiling mounting 
or stem suspension. Construction is 
of 20-gage steel with baked enamel 
finish, 8 ft. long, 12% in. wide, and 
available for two or four lamps. De- 
signed to give 10,000-hr. operating 
life for lamps. All internal parts 
interconnected and lead wire brought 
to outlet for splicing to building 
service. ‘Transformers are rated at 
900 volts, and operated on 110-volt 
A. C. line. 


Melting Furnace 

Ajax Engineering Corp., Trenton, 
N. J., presented a new 20 kw. induc- 
tion melting furnace for aluminum 
alloys at the Golden Jubilee Show in 
Cleveland. Designed as a holding 
unit in die casting and permanent 
mold plants, the Ajax-Tama-Wyatt 
furnace can be placed anywhere on 
the floor without special foundation. 
An important feature is elimination 
of fluxing, the bath being maintained 
under stirring action which seems to 
act on the metal in the same manner 
as nitrogen or chlorine. 


Recently-introduced induction heat- 
ing furnace for aluminum alloys, de- 
veloped by Ajax Engineering Corp. 
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U.S. HOFFMAN cirsiinc: 
ewe CORPORATION 


HOFFMAN VACU 
WILL BRING YOUR F 


TWIN BL 


* By all means, use Hoffman 
vacuum to eliminate dusts that 
are health hazards. But don’t 
stop there. Put it to work on 
production jobs, too. You'll 
receive an extra dividend in 
greater production, elimi- 
nation of many faulty cast- 
ings, and all around sav- 
ings that will soon pay ee 
for the equipment. 





SEND FOR le 





AIR APPLIANCE DIVISION, 99 4th AVENUE, NEW YORK 3, N. Y. 
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HANDY INFORMATION ON 


CENTRIFUGAL 
CASTING 


For the Busy Executive and 
Practical Shop Man 


208 Pages of information. The papers of fourteen 
authors as presented at A.F.A. conventions since 1935. 


CONTENTS: 


2. Fourteen 


@In this volwme are the freely 
contributed ideas of the men of 
ten well known companies who 
have spent millions in research 
and investigation. 


1. Twelve articles. 
authors of outstanding ability. 
3. Practical and theoretical 
aspects of centrifugal casting: 
@ Will provide the busy executive 


= a information about Steel 
this i di ti 
a a — y expanding casting Gray Iron 


Non-Ferrous Metal 
4. Pictures, charts and diagrams. 
5. Discussions which took place 
when the papers were presented. 


® Will help the practical shop man 
solve his centrifugal casting 
problems. 


© Price: A.F.A. members, $2.00. 








AMERICAN FOUNDRYMEN’S ASSOCIATION 
222 West Adams Street “t Chicago 6, Illinois 
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PRICE 


$4.50 to members 
$5.50 to non-members 


AMERICAN 
FOUNDRYMEN'S 
ASSOCIATION 


222 W. ADAMS ST. 


CHICAGO 4, ILL. 


# ’ complete and up-to-date reference book on Cupola 
Operation in all its phases. A total of 128 outstanding foundry 
metallurgists and cupola operators have contributed to this 
Cupola Operations Handbook. 


Highlights include: Operation of the Cupola, The Refrac- 
tory Lining, Blowing Equipment and Blast Control Equipment, 
Forehearth and Receiving Ladles, Blast Conditioning, Classifi- 
cation of Scrap for Cupola Mixtures, Foundry Coke, Cupola 
Slags, Fluxes and Fluxing, and Fundamental Thermo-Chemical 
Principles Applicable to Cupola Operation. 


First edition—cloth bound . . . 468 page . . . 188 graphs 
and illustrations . . . 34 tables . . . extensive bibliographies 
and index. 


Order your copy direct from A.F.A. Headquarters. Fill 
in and mail the convenient order form today. 


>» 
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tion pictures by courtesy of the same 


firm. 

Shown in the pictures, which. in- 
cluded some very interesting scenes 
from large foundries, were cupola 
charging, pouring ladles, monorail 
and crane installations. Chapter 
Vice-Chairman J. S. Schumacher, 
Hill & Griffith Co., Cincinnati, acted 
as presiding officer. 


Eastern GaendaMewleundiend 


G. D. Turnbull 
Shawinigan Foundries, Ltd. 
Chairman, Publicity Committee 


PROVIDING AN INTERESTING and 
varied program, Eastern Canada 
and Newfoundland A.F.A. chapter 
entertained some 500 members and 
friends April 26, at Mount Royal 
Hotel, Montreal. The Smoker and 
Entertainment replaced the usual 
Stag Dinner under a revision of 
plans in view of the situation in 
hotel accommodations. 

Opening the entertainment was a 
series of boxing bouts sponsored by 
Griffntown Boys’ Club; following 
which professional performers sup- 
plied a program of acts, all heartily 
enjoyed and many repeatedly en- 
cored. Refreshments were served 
throughout the evening; and the 
event was adjudged a success war- 
ranting a repeat performance next 
year. 

Chapter Chairman G. E. Tait, 
Dominion Engineering Works, La- 
chine, Que., was on hand to wel- 
come the gathering, after which he 
turned the proceedings over to the 
entertainment committee, which 
handled arrangements under the 
chairmanship of Chapter Director 
J. H. Newman, Chamberlain Engi- 
neering, Ltd., Montreal. 


Western New York 


L. A. Merryman 
Tonawanda Iron Corp. 
Chapter Secretary 


“KNOW YOUR SAND AND produce 
better castings’ was the theme of 
A. C. Den Breejen, Hydro-Blast 
Corp., Chicago, discussing “Practi- 
cal Foundry Sand Problems” at the 
May 3 meeting of Western New 
York A.F.A. chapter, in the Hotel 
Touraine, Buffalo, with 62 foundry- 
men in attendance and Chapter 
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Chairman A. H. Suckow, Symington- 
Gould Corp., Depew, N. Y., pre- 
siding. 

The speaker, member of the Com- 
mittee on Grading and Fineness, 
A.F.A. Foundry Sand Research Proj- 
ect, explained in detail the chemical 
and physical aspects of various sands. 
Phases of sand control were de- 
scribed, and application of synthetic 
or natural bonded sand in accord- 
ance with equipment available was 
considered. Emphasis was placed 
on importance of selecting the type 


of sand best suited to production of 

the kind of castings desired. . 
Mr. Den Breejen illustrated his 

remarks with colored slides, and ex- 


hibited an interesting collection—_ 


more than 100 samples—of various 
sands from all parts of the world. 
Included was some sand used by 
the Imperial Japanese Foundry on 
Honshu. 

Lively discussion, which followed 
the speaker’s address, testified to the 
interest of foundrymen present in 
the subject. 





The commonsense way to 


CLEAR AND PREVENT 
ATHLETE’S FOOT 


in Shower Rooms 
WY :V od ee ce), a Tejlive) feolii-mey @iMegelifcy ia sii. ic 
TO COUNTERACT THE SOFTENING 
EFFECTS OF WEARING SHOES 


NEAT, CLEAN 
ODORLESS, 
PLEASANT TO USE 


Oo; Sp 


BATHERS LIKE ONOX 


IT MAKES THE FEET FEEL FINE 


on Ox 


Recent research has upset former theories regarding the control 
of Athlete’s Foot. ONOX is revolutionary. A safe, non-poisonous 
skin toughener does the work. You may test it under any condi- 
tions you choose to impose and without obligation. For example: 


@ We will ship prepaid, your trial order for any amount of 
ONOX and equipment. Use it for 60 days. If at the end 
of that time ONOX has not proved itself to your complete 
satisfaction you owe us nothing. 

We would like to send you the simple details of the ONOX 

method now used by hundreds of institutions —coast to coast. 

ONOX, INC., DEPT. F-I, 121 SECOND STREET, SAN FRANCISCO 5, CALIF. 


Important: Did you note the “Radical reversal of medical 
teaching” in TIME Magazine? A report based on 10 years observa 


tion by 91 U.S. Skin Specialists calls Foot Baths “Futile 


likelotiaeh| 


“Potentially harmful.” Onox on the other hand is a safe, non 


poisonous skin toughener. IT STEPS UP RESISTANCE 
OF BREAKING IT DOWN! Try th 


( Dy of TIME 


INSTEAD 


e Onox way. You'll be surprised! 
; 
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“FALLS BRAND’ ALLOYS 


“FALLS” NO. 11 ALLOY 


makes 


High Electrical Conductivity 
Copper Castings 


The manufacturing of high electrical 
conductivity castings is no longer restricted 
to a highly specialized group of foundries. 


It is now open to all foundries. There 
are no secret arts or formulae. 


“FALLS” NO. 11 ALLOY: 


—degasifies and deoxidizes the copper. 

—protects the molten copper from reoxi- 
dation up to and during the pouring 
operation. 


Insuring 
DENSITY, SOLIDITY, and HIGH ELEC- 
TRICAL CONDUCTIVITY CASTINGS 


Write for Complete Details 


a 
A 


' Smelting & Refining Corporation 


f PRODUCERS OF ALLOYS 


BUFFALO 17, NEW YOR K 
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